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ESIDES Kohlrausch’s alternating-current method and its modi- 
fications for measuring the resistance of an electrolytic cell, 
numerous direct-current methods have been proposed and are 
largely in use in determining the resistance of voltaic batteries. 
The latter methods, though polarization is prevented as much as 
possible, show more or less a characteristic decrease of the apparent 
resistance of the cell with increasing current. In many cases well 
defined curves were obtained. (Streintz, Wied. Ann., 49, p. 571, 
1893; Carhart, Puys. Rev., IL, p. 392, 1895.) Even in the alter- 
nating-current methods this was observed in a less pronounced 
degree. (Uppenborn, Electrotech. Ztschr., 1891, p. 157; Greeff, 
Dissert., Marburg, 1895.) Greeff found the curves obtained by the 
two methods to be practically parallel to each other, but the one 
obtained with the alternating current somewhat below the other. 
Haagn (Zeitschr. fir Phys. Chem., 23, p. 97, 1897) has lately 
modified Kohlrausch’s method and claims to obtain a practically 
constant resistance ; but it must be borne in mind that he used cells 
with large electrodes and rather large currents, in which case the 
change in the internal resistance is small even when measured by 
the constant-current methods. 
The peculiar behavior of the cells has led to the belief that we 
have here, at least in cells with small electrodes, a so-called resist- 
ance of transition (the German ‘‘ Uebergangswiderstand’’) which 
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increases rapidly with decreasing current. Of interest in this respect 
are especially the investigations of Richarz (Wied. Ann., 47, p. 567, 
1892) and Koch and Willner (Wied. Ann., 45, pp. 475 and 759, 
1892). 

On the other hand, it has been frequently asserted that all this 
change is due to the fact that polarization in the cells was not en- 
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tirely prevented. Numerical calculations have never been under- 


eas 


taken to show that these changes in internal resistance can be 
represented by a formula taking the polarization into account. Out 
of the numerous theories, and in many cases empirical formulz for 
galvanic polarization, I have selected Wiedeburg’s theory as the one 
which represents the facts best and is supported by a number of ex- 
perimental data. (Wiedeburg’s Habilitationsschrift, Leipzig, 1893.) 

It is based on the following few suppositions : 

The two kinds of ions are urged by the current towards the 
electrodes. The change in density of the solution produces a 
counter e. m. f., which, in combination with the impressed e. m. 
f., determines the current according to Ohm’s law. Not all ions 
collect on the electrodes in the active state, but only a part, while 
the rest are neutralized and will not influence the difference of poten- 
tial between electrodes and the liquid. The number of the collect- 
ing ions which remain in the ionic state at any instant is propor- 
tional to the difference between a certain limiting value and the state 
of condensation at the electrodes. 

From these fundamental suppositions, Wiedeburg obtains as the 


value of the polarization of a voltameter 


> 
paBfine bef 2, 
z. ¢., the sum of the polarizations on the two sides ; P denotes a 
limiting value, 2 a constant, depending on the electrode, s the surface 
of the electrode and g the quantity of electricity that has passed 
through the voltameter. 

In a voltameter whose electrodes are of the same size, this for- 
mula simplifies to 
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Besides this polarization proper, there is an absorption of the ions 
in the metal of the electrodes, which has been studied by Jahn 
and Schonrock (Zeitschr. f. Phys. Chem., 16, p. 45,°1895), and the 
convection currents. Both these influences are of a rather sluggish 
nature, and can, by proper arrangement of the apparatus, be re- 
duced to almost nothing. 

In the following I shall show that Wiedeburg’s theory demands a 
curve for the internal resistance decreasing with increasing currents. 

If we arrange our experiments now in such a way as to take a 
set of observations always with the same interval of time, we get 
the formula 

£l—Pui-e—)=ri/. (3) 


The formula from which the resistance is usually calculated is simply 


p= T° (4) 


p will, therefore, always be too large. 
Writing formula (3) in the following form, 


> 


p-rTr= 7 (1 — c~*") (5) 


we see immediately that p = r for very large currents and that p — r 
is infinitely great for zero current. 

I made use of the pendulum apparatus (see Puys. Rev., II., 392, 
1895) which works, while swinging, four keys, the first of which 
closes the circuit, the second and third 











charge and discharge a condenser, the a A wee 
fourth opens the circuit again. By . 1 
this means the time, during which po- . — a a 
larization takes place, is kept constant : t = 


moreover, it is so short that the dis- 











turbing influences of absorption and 
convection do not in general appear. 








The arrangement of the apparatus is 





given in the following sketch : 
Keys / to JV denote the keys in 
the order they are knocked down. B 











is the electrolytic cell, 646 the source 
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of the current, 7 a resistance by means of which the current may be 
varied, X a resistance nearly equal to the resistance of the electro- 
lytic cell, C the capacity, G the ballistic galvanometer, whose con- 
stant was found by using a standard cell. 

By means of the commutator A we are able to measure either the 
Potential Difference at the terminals of the cell (¢’) or at the ter- 


el 
minals of the resistance F (¢’’). R gives us the current. 
\ 


The commutator A’ can connect the cell and resistance & either 
in series with the pendulum apparatus or to a Kohlrausch bridge 
in such a way that they form two arms of a Wheatstone bridge. 

The resistance can then be found by means of a small induction 
coil (/) and telephone (7). 

The following experiments are given only as preliminary results, 
since the investigation is being continued. They will however show 
how well the calculated and observed curves coincide. 

In the first column is given the capacity of the condenser, in the 
second the deflection due to the cell, in the third the deflection due 
to the fall of potential over the resistance A, and in the fourth the 
current calculated from the latter. The following column containing 
p shows the characteristic increase of the apparent resistance, while 


TABLE I. 


Copper sulphate solution between small copper electrodes. 
Temperature =23.9°. R==10 ohms. 


Cap. de dR / p (1 —e—1) r 
.25 240 283 2218 8.48 1 8.33 
183 214 1677 8.54 1 8.38 
5 256 297 .1163 8.62 1 8.39 
194 222 .0869 8.73 -99926 8.42 
1.0 319 362 .0709 8.81 -99722 8.43 
162 177.8 .0348 9.11 -94434 8.38 
110 118 -0231 9.32 -85300 8.33 
84 88 .0173 9.55 -76210 8.36 
3.2 215 223 0136 9.64 -69080 8.27 
138 138 -0084 10.00 .50203 8.38 


111 110 00673 10.09 .42798 8.38 


K =83; P=.027. 








No. 4.] 








3.2 





dc 


247 
237 
164 
128 
340 
182 
125 

95 

76 


Taste II. 


Copper sulphate solution between large Copper electrodes. 


aR 


383 
359 
236.6 
176 
452 
222 
146.8 
109.5 
87 


K = 26.8; P =.052. 


I 


.2344 
.1758 
.1159 
.0863 
.0692 
.0340 
.0225 
.0167 
.0133 
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2.58 
2.65 
2.77 
2.91 
3.00 
3.28 
3.41 
3.47 
3.47 





R=4 ofms. 

(1x —e—XK1) r 
-99813 2.36 
-99101 2.36 
-95522 2.35 
-90102 2.37 
-84348 2.36 
.59797 2.36 
-45284 2.36 
.36082 2.35 
.29985 2.30 


the real resistance 7, calculated from my formula, is practically con- 


stant ; its small variations do not exceed the errors of observation. 


In Fig. 2 the observed and calculated values of p are plotted as 


functions of the current. 


The curves show the close agreement 
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between the two values, the circles marking the observed, the crosses 
the calculated values of p. 

Kohlrausch’s method gave for the first cell 8.32 ohms and for 
the second 2.17 ohms; in both cases it was rather difficult to de- 
termine the position for minimum sound. We see, therefore, that 
Kohlrausch’s method gives a smaller result than the constant re- 
sults calculated from my formula. But this is easily explained by 
the capacity effect of the cell, which is the more apparent, the 
smaller the resistance. It is doubtful whether Kohlrausch’s method 
will give accurate results with ordinary cells, 2. ¢., with cells of small 
resistance. 

Electrolytic cells with H,SO, between Pt electrodes gave fair re- 
sults, though the variations in the resistance calculated reached 2% ; 
this is larger than could be expected from the errors of observation, 
which do not exceed 1%. I explain this by the fact that I used 
large platinized electrodes and could not prevent the disturbing in- 
fluence of absorption. This showed itself in the experiment by the 
creeping up of the deflection from the cell from an orginally small 
value to a final value, sometimes 10% higher than the original. 
These experiments will be repeated with thin, bright electrodes. 

An application of this method to the calculation of the resistance 
of asimple voltaic cell or cells without depolarizer is apparent. The 
action of the depolarizer or any chemical reaction will complicate 
the formula, though it is well known that the curves obtained from 
these cells have the same general appearance as those studied in 
this article. 


PHYSICAL LABORATORY, UNIVERSITY OF MICHIGAN, 
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THE DIELECTRIC STRENGTH OF INSULATING 
MATERIALS! 


3y THOMAS GRAY. 


HIS paper contains the results of some measurements of the 
dielectric strength of insulating materials which have been 
made during the last two years in the Electric Laboratory of the 
Rose Polytechnic Institute. The paper has been compiled partly 
from the graduation theses of Messrs. Meyer and Rypinski, of the 
class of ’97, and Messrs. Ryder and Schneider, of the class of ’98, 
and partly from notes of measurements made by myself. All of the 
results quoted were obtained from experiments made under my per- 
sonal supervision. The object of the work done in this subject was 
to obtain fairly accurate values for the dielectric strength of various 
substances under given conditions and to determine the variation of 
the strength constant with thickness of the specimen, with tempera- 
ture, and with the character of the e. m. f. used. Only a small part of 
this work is completed in such form as will admit of publication at 
this time. The effect of temperature has not been investigated and 
as to the effect of the character of the e. m. f. only a few rather un- 
satisfactory comparisons have been made between the strength for 
static e. m. f. and for alternating e. m. f. In the case of air a care- 
ful series of measurements were made with an alternating e. m. f. 
the characteristic of which was frequency, about 8,000 complete 
periods per minute and approximate sine curve variation during each 
cycle. The results indicate that there is practically no difference 
between the maximum value of the alternating e. m. f. and the static 
e. m. f. required to produce a spark of given length in this medium 
when approximately flat plates are used as terminals. In the cases 
of some solids, such as, for instance, paraffined paper the results 
seem to indicate considerably greater strength against a steady static 


! Read before the Boston Meeting of the American Association for the Advancement 
of Science, August, 1898. 
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charge than against an alternating electric stress, but further ex- 
periments are desirable and no results are here given for such sub- 
stances. 

Apparatus and Method of Experiment.—The e. m. f. was derived 
from a Westinghouse alternating current dynamo giving about 
8,000 complete cycles of e. m. f. per minute, the diagram of va- 
riation of e. m. f. being approximately a sine curve and the square 
root of the mean squares of the e. m. f. 1,000 volts. The dy- 
namo was used in conjunction with step-up transformers designed 
to raise the mean voltage as high as 100,000 volts should that be 
necessary. In the experiments made during the year 1897 only 
one transformer was used. It was of the ring type, having two 
primary coils, one at each end of a diameter of the ring, and ten 
secondary coils arranged symmetrically with reference to the pri- 
maries. The number of turns on each secondary coil was ten 
times that on each primary. The primary of the transformer was 
designed to take 2,000 volts on its terminals, when both primaries 
were in circuit and in series, or 1,000 volts when only one primary 
was in circuit or when the two primaries were in parallel. In both 
cases the 100,000 volts was obtained in ten steps of 10,000 volts 
each. Properly insulated terminals were provided at the ends of 
each secondary coil so that one or more might be used in series. 
The intermediate voltages were obtained by varying the exciting 
current on the dynamo field coils. The voltage on the specimen 
was derived from the voltage on the primary by multiplying by 
ten times the number of secondary coils in use. The accuracy of 
this ratio for any combination of the secondary coils was tested by 
separate experiment. It was found to be within a fraction of one 
per cent. of absolute truth and hence much nearer than necessary for 
the purpose considering the comparatively large variations between 
the results obtained for different specimens. To avoid excessive 
current flowing for any length of time through the primary when 
the specimen broke down, a fuse of copper wire about one-tenth of 
a millimeter in diameter and fifteen centimeters long was included in 
the circuit. This was found to act more satisfactorily than a me- 
chanical break-circuit arrangement, because the comparative slow- 
ness of the break caused less induction shock to the coils of the 
transformer. 
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In the experiments made during the year 1898, from which most 
of the results given in this paper were derived, four transformers 
were used in series. These transformers were of the same type as 
that just described, but were designed for a primary e. m. f. of 500 
volts when the two coils were in series. The primary and secondary 
coils were wound on hard-rubber spools and the whole ring and 
spools were placed in a wooden mould and cast in solid paraffin. 
This gave very perfect insulation and great dielectric strength be- 
tween the coils. The wooden moulds were left on to form a casing 
and carry the terminals. This arrangement increased the maximum 
number of coils in the secondary circuit to forty and diminished the 
maximum e. m. f. step to 2,500 volts. This arrangement has an- 
other great advantage, which principally determined its use, namely, 
that in all cases where less than 75,000 volts were required, one or 
more of the transformers could be used with their secondaries open 
and then acted as choke coils, to prevent excessive current in the 
primary, when the specimen broke down. As these cases were the 
majority it was seldom that the primary fuse came into use and the 
burning at the spark terminals, which proved troublesome when 
only one transformer was used, was avoided. When several trans- 
formers are used in series the e. m. f. on the specimen may be de- 
rived from that on the primary, as before, but the electrometer must 
only include the transformers the secondaries of which are on the 
specimen. It was found more convenient to make the electrometer 
include such a number of the secondary coils in use as gave a satis- 
factory sensibility and to derive the total e. m. f. used on the speci- 
men by multiplying the indicated volts with the ratio of the num- 
ber of coils on the specimen to the number on the electrometer. 
The equality of the e. m. f. given by the different secondaries under 
the working conditions was of course tested. The electrometer 
used in the 1897 series of experiments was a Kelvin multicellular 
instrument designed to give greatest sensibility near 1,000 volts. 
That used in 1898 was a Kelvin vertical electrostatic with a range 
from 400 to 12,000 volts and supplied with three weights to enable 
it to take that range. In the circular issued by the maker (White, 
of Glasgow) Lord Kelvin points out that this type of instrument 
should not be used for alternating e. m. f.’s much above two-thirds 
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of its maximum range. This was found to be the case, and some 
interesting observations were made in testing the instrument. The 
indications were found to be very consistent up to 8,000 volts, but 
above this the instrument reading was too low and reached a maxi- 
mum beyond which it could not be pushed by increasing the e. m. 
f. Above this critical e. m. f. the instrument reading diminished as 
the e. m. f. was increased. When the mean e. m. f. was pushed to 
a little over 12,000 volts, rapid sparking took place between the 
needle and quadrants. This sparking had the effect of diminishing 
the maximum deflection which it was possible to give the needle. 
It seems probable that the cause of this peculiar behavior of the in- 
strument is to be found in convection currents of air due to brush 
discharges between the needle and quadrants. 

The plates used for spark terminals were round discs of copper 
about one centimeter thick and five centimeters in diameter. The 
opposing faces were polished spherical surfaces, the diameter of the 
sphere being about seventy centimeters, and the edges were rounded 
and polished. The width of the spark gap was measured by means 
of a screw micrometer, graduated to hundredths of a millimeter, 
which operated a circuit-closing contact arrangement. 

Experiments were made on glass, hard and soft vulcanized rub- 
ber, mica, micanite, paraffined paper, fuller board, empire cloth and 
empire paper, oils and air. 


RESULTS. 
1. Glass.—Experiments were made on the variety of glass sup- 
plied by the trade for lantern slide cover plates and called ‘ crystal 


” 


glass”’ and on several specimens of common window glass. The 
‘crystal glass’’ is a clear, white glass of density averaging about 
2.5. It does not contain lead. The sheets were about eight by 
ten centimeters in surface dimensions and varied somewhat in thick- 
ness, the average being about one millimeter. They were immersed 
during the test in mineral oil to prevent sparking round the edges. 
The effect of thickness was obtained by super-imposing several 
sheets. The dielectric strengths quoted are the ratios of the act- 
ually observed strengths to the thickness of the specimens in cen- 


timeters. The e. m. f. quoted is the maximum for any one cycle 
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when the mean value is that indicated by the reading of the elec- 
trometer immediately before the spark passed. The ratio of the 
maximum e. m. f. of the cycle to the electrometer indication was 
determined by drawing the e. m. f. curve for the machine and com- 
paring it with the simultaneous electrometer reading. It was found 
to be 1.312. The results were as follows : 


CRYSTAL GLASS. 


Dielectric strength in kilovolts 


Thickness in centimeters. per centimeter. 
0.100 285 
0.200 253 
0.300 224 
0.400 200 
0.500 183 
0.600 168 


It will be observed from the results here quoted that the dielectric 
strength of glass per centimeter thickness is much greater for one 
than for several layers, and diminishes continuously as the number 
of layers is increased. 

The various specimens of window glass tested gave fairly con- 
cordant results which indicated an average dielectric strength of 160 
kilovolts per centimeter when tested on a thickness of two milli- 
meters. 

Hard Rubber.—The sample tested was black and had a thick- 
ness of 0.093 centimeters. Several tests were made on single and 
double thickness which gave as an average result 538 kilovolts per 
centimeter for single thickness and 434 kilovolts per centimeter for 
double thickness. 

Soft Rubber.—The first sample tested was a piece of first quality 
soft vulcanized sheet rubber 0.135 cms. thick. Tested on a single 
thickness it gave a strength of 476 kilovolts per centimeter, and on 
a double thickness a strength of 318 kilovolts per centimeter. 

The second sample was of the quality commonly used for sur- 
geon’s bandages. It was 0.064 cm. thick. On single thickness it 
gave a strength of 492 kilovolts per centimeter, on double thickness 
441 kilovolts per centimeter, and on quadruple thickness 342 kilo- 
volts per centimeter. 

The hard and soft rubber samples tested do not differ much in 
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dielectric strength. All of them are much stronger than any of the 
samples of glass tested, but they show the same falling off of strength 
as the number of layers is increased. 

Mica,—The samples of mica tested were from the variety com- 
monly used for insulation, were 7.5 cms. square, and the thickness 
was varied by splitting. Each sample tested was transparent and 
free from flaws. The samples were tested while immersed in mineral 
oil so as to avoid sparking over the surface. The results were as 


follows : 
Dielectric strength in kilovolts 
Thickness in centimeters. per centimeter, 
0.001 2000 
0.010 1150 
0.020 950 
0.050 750 
0.100 610 


The dielectric strength of mica is thus higher than that of rubber. 
On thin layers it is very high, but it also diminishes greatly in 
strength as the thickness is increased. 

Micanite—This is a trade name fora flexible insulating sheet 
made up of mica flakes held together by a soft insulating medium, 
such as varnish. The strength ranged from that of mica to about 
half that of mica, depending on whether the spark passed through 
solid mica or partly through mica and partly through the adhesive 
medium. For thickness between 0.5 and 1.0 mm. a strength of 400 
kilovolts per centimeter may be expected. 

‘araffined Paper—This has been worked on by a number of 
observers, most of whom have concluded that the strength is nearly, 
if not exactly, proportional to the thickness, that is, the strength 
per centimeter thickness is constant. A number of different papers 
were used in these experiments, the results of all of them indicating 
a dielectric strength per centimeter nearly independent of the thick- 
ness. Only one value for each specimen is, therefore, given in the 
following table and the thickness of a single sheet is quoted to in- 
dicate the thickness of the paper used. 

The conclusion seems to be that a thin paper is best and that the 
finer varieties give the highest results. The tests with blotting felt 
were the least satisfactory, but there is no doubt, I think, of the 
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great loss of strength due to the spongy character of the paper. 
Solid paraffin without paper support was not tested, but the results 
of McFarlane and Pierce, PuysicaL Review, Vol. I., p. —-, show 
much less strength for the paraffin by itself than when it is held by 
paper. There are, however, a number of chances of error here, 
for example, moisture held by the thick soft paper, air bubbles in 
the paraffin, etc. 


Statestel “ae in ene gy kilo- 
Thin printers’ paper. 0.012 400 
Bond paper. .015 420 
“6 “6 .012 600 
Tissue paper. .009 510 
Manilla wrapping paper. .018 430 
Manilla tablet paper. .016 610 
American linen. .013 640 
Typewriters’ linen. .014 540 
Blotting felt. .080 135 


Fuller Board.—Three samples of this material were tested. The 
first two were dark gray and the third reddish-brown in color. The 
thickness of the various sheets was very uniform and is shown in 
the tables of results. In these tables the first column gives the 
number of layers, the second the thickness and the third the dielec- 
tric strength. The specimens were tested dry and without immer- 
sion in any medium to prevent sparking over the surface. It was 
not thought advisable to immerse in oil because of the porous 
character of the material. 


+ 


TABLE A. 
Number of Layers. Thickness in centimeters. “ee 
1 0.0172 216 
3 .0516 205 
6 -1032 192 
9 1548 180 
12 .2064 169 


16 .2752 158 
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TABLE B. 


Number of Layers. Thickness in centimeters. 
0.025 
.050 
.075 
.100 
125 
.150 
.175 


SOM fh WD 


TABLE C. 


Number of Layers. Thickness in centimeters. 


0.05 
10 
15 
20 


> wWDd 


[Vor V1. 


Dielectric strength in kilo- 
volts per centimeter. 


234 
229 
224 
220 
216 
212 
108 


Dielectric strength in kilo- 
volts per centimeter. 


295 
264 
225 
188 


It is very important in the use of this material that it should be 
perfectly dry, otherwise the strength is greatly diminished. The 
specimens, the results for which are given above were donated for 
this investigation by the Wagner Electric Manufacturing Company 
of St. Louis, and in illustration of the effect of moisture I here quote 
one of several tests made with the material as it was received, with- 


out previous drying. The condition was such as would be likely 
to exist for the material after lying for a day or two in a moderately 


moist atmosphere. 


Number of Layers. Thickness in centimeters. 


1 0.0172 
2 .0344 
4 .0688 
6 .1032 


Dielectric strength in kilo- 
volts per centimeter. 


201 
185 
130 

88 


It will be noticed that the total strength for the six layers is 


nearly the same as it was for four layers. 


It was found in these 


cases that the material blistered and swelled up under the electrodes 


a 
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apparently by the formation of water vapor but possibly by electro- 
lytic action. 

Empire Cloth and Paper.—This is a trade name applied to cloth 
or paper treated with a liquid insulating medium, such as oil, which 
dries in and between the fibers and forms a continuous insulating 
sheet. Three samples of the cloth and one of the paper were tested. 
The cloths differed in thickness, the thinner samples being the finer 
in texture. The numbers here applied to the samples are those 
used by the manufacturer. 


meters. | Numberof | Thickness in | Dielectric strength i blo 

Empire Cloth, No. 1. 2 0.033 165 
4 .067 | 140 

6 .098 129 

8 .134 120 

10 165 | 116 

14 .235 111 

Empire Cloth, No. 2. 1 0.018 210 
2 037 197 

4 .067 184 

6 .098 171 

~ 128 156 

10 .162 142 

12 .198 131 

15 .246 117 

Empire Cloth, No. 3. 1 0.038 145 
2 .076 130 

4 .140 118 

10 .340 97 

Empire Cloth. 1 0.015 | 450 
2 .027 330 

3 043 284 

5 .069 256 


Oils.—Considerable time was spent in testing oils, but the results 
were rather unsatisfactory. The great difficulty experienced with 
all the kinds of oil tried was the rapid variation of the dielectric 
strength produced by the electric stress applied. Take, for ex- 
ample, sperm oil, which is quoted below as having a dielectric 
strength of 52 kilovolts per centimeter. After testing four different 
thicknesses and returning to the first it was found to show a 
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strength of 89 kilovolts. This made it practically impossible to 
obtain a consistent cycle of observations over a range of spark-gap 
sufficient to enable a definite conclusion to be reached as to whether 
or not the dielectric strength of a layer of oil is proportional to its 
thickness. There is, besides, considerable difference between the 
potential which will cause isolated sparks to pass and that which 
produces a continuous stream. The numbers here given are ap- 
proximately the potential gradients which, in a fresh specimen, pro- 
duces a continuous stream of sparks. The distance between the 
plates varied from four to eight millimeters. So far as any con- 
clusion could be reached from the tests it was in favor of the total 
strength being proportional to the thickness. No conclusion was 
arrived at as to the cause of the change of strength during the test. 
It may be due to the removal of dissolved air or to oxidation of the 
oil. It does not seem to be due to a deposit on the plates because 
removal of the oil and the substitution of a fresh sample restored 
the original condition. The numbers given in the following table 
may be considered as nearly what may be depended on in the prac- 
tical use of oil insulation but otherwise of little scientific value. 


Dielectric strength in kilo- 


Kind of oil. volts per centimeter. 
Light mineral lubricating oil. 48 
Sperm oil. 52 
Vaseline oil. 60 
Cotton-seed oil. 67 
Olive oil. 70 
Linseed oil (raw). 83 
Linseed oil (boiled). 85 
Air.—As stated above, experiments were made on the dielectric 


strength of air and its variation with spark-length. The principal 
object was to find whether the dielectric strength against an alter- 
nating e. m. f. of the character here used agreed with the strengths 
which had been obtained by other experimeters using static e. m. f.’s. 
The air was at about normal barometric pressure and gave the re- 
sults quoted in the table below. The greatest thickness tested 
was 1.6 cms., the size of terminal plates being unsuitable for much 
greater width of spark gap. The results show almost perfect agree- 
ment with the results published by Kelvin, De la Rue, Baille and 








No. 4.] DIELECTRIC STRENGTH. 209 


Freyberg.‘ The conclusion, therefore, is that so long as the curve 
of e.m.f. approximates to a curve of sines (probably so long as 
there are no sharp points on the curve) the dielectric strength of air 


is the same whether the difference of potential on it be steady or 


alternating. 
Distance between plates Total dielectric strength Dielectric strength in kilo- 
in centimeters. kilovolts. volts per cm. 
0.02 1.15 57.5 
.04 2.10 52.5 
.06 2.95 49.2 
.08 3.70 46.2 
.10 4.36 43.6 
.20 7.56 37.8 
.40 13.8 34.5 
.60 19.6 32.7 
.80 24.9 31.2 
1.00 29.8 29.8 
1.20 34.6 28.8 
1.40 39.2 28.0 
1.60 43.8 27.4 


1See Smithsonian Physical Tables, p. 244. 
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A PHOTOGRAPHIC STUDY OF THE ELECTRIC ARC. 
By N. H. Brown. 


F a photographic plate or film is moved rapidly in front of a lens 

or camera, in such a position that the image of some object is 
thrown on the sensitive part of the plate, an impression will be pro- 
duced on the plate which is a more or less perfect history of the 
changes that took place in that object while the plate was moving. 
If the image is quite broad there will necessarily be much blurring 
of the plate, causing lack of definition. 

Various attempts have been made to learn something about arc 
lights by photographs taken in this way when the arc was undergo- 
ing some variation." The pictures obtained have been interesting, 
but have lacked the definition which usually characterizes a photo- 
graph. Naturally, the alternating current has been best adapted to 
this study, for the changes are fairly uniform and frequent. The 
advent of the alternating current enclosed arc lamp has furnished an 
arc that is much steadier in its action, and, therefore, more uniform 
in its variations than any previous arc, and thus better adapted to 
this work. For this reason most of the work described in this 
paper was carried out with the aid of such a lamp. 

We shall consider the various types of photographs connected 
with this work, discussing each as it is described, instead of describ- 
ing all and following with a general discussion. 

Pictures numbered one (See Plate 1) were taken on a sliding plate 
without a screen, as shown in diagram I of Fig. 1. We find here a 
marked symmetry, not only between the various pictures but be- 
tween the parts of one picture. Each light spot is like the second, 
fourth, etc., from it. On closer inspection we notice that if any spot 
were turned over it would be like its next neighbor. The front end 
of each light portion is not square across the picture but makes a 


1See La Lumiere Electrique, 1891, pp. 555. Also Proceedings of the American 
Institute of Electrical Engineers, 1891, Vol. 8, pp. 214. 
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very appreciable angle. This seems to indicate not only that the 
arc was out part of the time, but also that the lighting up did not 
take place across the whole arc space at the , 
same instant, having started from one side one L 


x> 


time and the opposite side the next time. A asian 
simple calculation, depending upon the velocity? 


of the plate and the slope of the light front, *}. 





° . x 
shows that this light travelled across the arc 
DIAGRAM Il 
with a velocity of about 300 inches per second ! 
‘ — P 
from the negative carbon toward the positive. { L ‘ 
| 
In one or two of these pictures we can see |;! x0 is 
, ee ; . It Te 
slight indications that there is another light | jomemne 
. +4 Fig. 1. 
front advancing from the positive toward the ad 


negative, but we shall see this much more clearly from another set 
of pictures. The back end of the light space seems to be away 
from both carbons, as though the light died out near the carbons 
first, and later near the center of the arc space. This seemed 
strange and so led to the fear that the shapes of the front and back 
ends of the bright portion of the plate were due, in some way, to 
the shape of the arc itself. For instance, suppose the arc had been 
conical as it was first lighted, and that the lighting was practically 
instantaneous. Suppose also that as the arc commenced to decrease 
in intensity it changed into a globular form. We could then ac- 
count for the peculiar shape of the arc pictures without supposing 
that appreciable time was required to light the arc. In order to 
test this point pictures were taken with a narrow slit placed just in 
front of the image of the arc on the plate. Ifa screen, which has a 
very narrow slit in it, be placed very close to the plate as it is 
moved in front of the lens, as shown in Fig. 1, diagram II, so that most 
of the image is cut off, we may get a fairly clear image of the small 
part that is left. The results obtained in this way are shown by 
pictures numbered 2, Plate II. From these it is evident that there 
were two light fronts, one from each carbon ; and that one of these 
light fronts started about 1/1000 of a second before the other. 
Their slopes show that they travelled with different velocities, the 
one from the negative side moving about three hundred inches per 


second, while the other moved about five hundred inches per second. 
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Some of these plates were under-developed to bring out differences 
of density more clearly. The slit being left less than ,y of an inch 
wide the outer contour of the arc could have had little to do with 
the shape of the pictures. Each consecutive vertical section of the 
picture must be the record for successive intervals of time, of that 
particular vertical section of the arc which was thrown on the slit. 

Blondel and McMynn, in the articles already referred to, each 
showed pictures showing some of the characteristics just mentioned, 
but the effect was so slight that neither of them noticed and dis- 
cussed them. By comparing their pictures with these we find from 
similarity that we are able to easily tell which of the terminals was 
positive at any given instant, which way the plates were moving, 
etc. 

These conclusions were so striking that it seemed well to get some 
other results that would verify them, and to attempt to explain why 
we should get such results. We have assumed that the pictures on 
Plate II. were of some section of the arc. If we could only 
take pictures of the whole arc at frequent intervals we could 
hope for confirmation. But to secure such pictures of the arc as it 
is at any instant it is necessary, as with everything else, that the 
movement of the plate be very slight during any exposure, and that 
the movement or change in appearance of the arc should be very 
slight. In order to separate the various parts of an alternation as 
much as possible on the plate it seemed necessary to run the plate 
at a speed of 40 to 50 feet per second. As a movement of the plate 
of one-hundredth of an inch or more during an exposure would 
injure the definition of the picture the time of exposure must be very 
small. The pictures numbered three (Plates I) were taken with the 
apparatus arranged to give rapid exposures of the whole arc, as 
shown in Fig. 1, diagram III. When the disc D was revolved about 
its axis 15,000 times per minute each of the four slits would cause 
an exposure which lasted about 355 part of a second. There 
would be 1,000 exposures a second, or about eight images for each 
complete period (the frequency was about 125). 

The pictures numbered three were taken with various velocities 
of the disc from 7,000 revolutions per minute up. Here we find 
the arc in all possible conditions, and the conclusions reached by 
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our former method are fully verified. The picture 3D was taken 
when a magnet was held close tothe arc. Here the arc is deflected 
to one side or the other depending on the direction in which the 
current is flowing. At times the last end of the light from one-half 
period has not faded away when the new light front for the next 
period has arrived. With the magnet near, the fading light of one 
period is driven in one direction while the new light formation due 
to the next period is sent in the opposite direction. They are thus 
separated in such a way as to show clearly to which period they 
respectively belong. 

I examined the arc for plane polarization by setting a Nicol prism 
in front of the arc and taking a number of pictures, rotating the 
prism a few degrees for each till 90° of arc had been covered. No 
effect whatever was noted. 

Nothing thus far has shown that the formation of the two light 
fronts on the opposite ends of the arc in the way we have described 
is not a function of the form of the current curve. To determine 
this point pictures were taken of a very slow period arc (22 per 
second). One of these is shown in number 4. They seem to be 
like the other pictures in all characteristics except that everything is 
exaggerated somewhat. This current was of the “ true sine wave”’ 
form, while the others were ‘‘ peaked.’’ Thus the characteristics 
are at least not very sensitive to small changes in the wave form. 
To further vary the type of current a direct current was sent through 
the arc. This was short circuited during part of the time while the 
plate was moving across in front of the arc. Before the plate had 
passed entirely across the short circuit was broken, relighting the 
arc. This acted in such a way on the lamp mechanism as to re- 
break the arc. Thus we had on our plate: First a steady arc, sec- 
ond the arc broken almost absolutely instantaneously, third the arc 
formed again with very great suddenness and with slightly higher 
current value than formerly, fourth the arc broken by the separation 
of the carbons. These pictures are shown numbered 5. When the 
arc is first broken a quite abrupt line is visible, showing a very sud- 
den diminution of the light. The fading light from that line for- 
ward is as it was with the alternating arc. When the arc is re- 
formed its difference from the alternating arc is very marked. At 
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first sight it seems to be almost square across the end, but, on closer 
examination, it shows that the light did not reach the center quite 
as soon as it left the sides. The difference in time is very slight, 
however, as compared with the difference in the case of the alternat- 
ing current. Then, too, with the alternating current the negative 
carbon gives out light first while here the positive is slightly ahead. 
The picture number 6 was taken in the same way as its predecessors, 
except that a very fortunate accident occurred. The second ex- 
tinction of the arc took place so quickly after the arc formed 
the second time that the light front only started to form by 
the time the arc was extinguished. As can easily be seen from the 
picture the carbon was already moving away when the arc was 
formed. This leaves no doubt whatever that the light front starts 
near the positive carbon. 

With these data it seems best to advance one or more hypotheses 
which will account in a more or less satisfactory manner for the 
phenomena. First, let us suppose that this source of light is due 
to ions moving across the arc very much as they move in electrol- 
ysis; either that the particles actually move with a velocity of the 
light front, or that the space being filled with particles a wave of 
change passes with that velocity. We would then suppose that the 
particles could move from the negative carbon more readily than 
from the positive. This would be what we would expect from the 
fact that most of the electromotive force (necessary to send a cur- 
rent through the arc) is overcome very close to the positive carbon. 
Under these conditions a particle thrown off from the positive car- 
bon would move with a greater velocity than one thrown from the 
negative. This supposition would account also for the difference in 
slope on the last end of the light space as is shown in several pic- 
tures, and for the finishing of the light at the center. It would 
also account for the fact that the light front from the positive car- 
bon is stronger than that from the negative. 

The first serious obstacle confronting this hypothesis is the pic- 
tures of the interrupted arc shown in numbers 5 and 6. In these 
the start comes first from the positive side, and the finish is at 
practically the same point. Here the successive arcs are in the 
same direction. If now we can advance any hypothesis which will 








No. 4.] THE ELECTRIC ARC. 215 


base the point of starting of the light front on the polarity during 
the preceding illumination the difference in direction between the 
alternating and direct arcs will be accounted for. Let us suppose 
that particles being in the space between the carbons the light is 
produced by heating them. If a current which is very weak at 
first starts across the arc space it is reasonable to suppose that 
while it is a weak current its main heating effect will be at the car- 
bon surfaces. Now, if one of the carbons (the negative) is much 
hotter than the other, that one should show the first effect: hence 
the light would start from the negative. Then as the current con- 
tinued and increased the positive carbon would reach and quickly 
pass the temperature of the negative, and thus there would be a 
stronger effect from the positive than from the negative, and thus 
too, it would move faster. And as the current became greater the 
direct effect of the current on the gas would become greater. 
When the arc stopped we should suppose that the solid carbon 
would dispose of its heat much more rapidly than the gas. This 
would cause the light to last longer toward the center. This would 
account, too, for the tardiness with which the light fades out near 
the positive side. With the interrupted arc, according to this 
hypothesis the sudden falling off in the light at the instant of cutting 
out the arc would be due to the fact that the current was not flowing, 
and, therefore, there was no source of heat in the gas. The further 
gradual cooling would be due to radiation or other causes, as in the al- 
ternating arc. Here, too, it is natural that the gas should cool nearer 
to the carbons. When the arc is re-starting it is started with full or 
more than full current, and the effect of the arc directly on the gas is 
much greater than when the current is small ; hence, we naturally 
expect the hottest part to glow first and our light starts near the 
positive carbon, but not quite at the carbon, as shown in number 6. 

Photograph No. 7 was taken with the image ofa vertical arc thrown 
on a plate moving vertically. Here we find, in general, that the 
light moves out horizontally under the influence of a magnet near 
the arc, and that the direction of this movement depends on the 
direction of the flow of fhe current in the arc, but we failed to get 
sharp definition. Plate number 8 was taken in the same way, 
except that a very narrow slit was placed horizontally as close 
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as possible to the plate and the speed of the plate was increased. 
This gives good definition and shows also that while the whole 
source of light is moved to one side it is not moved uniformly, and 
thus the bright band is broadened out. This broadening out, more- 





over, does not leave the light uniform throughout the whole band, 
but separates it into several different bands, as though the current 
flowing across the arc consisted of waves of distinctly different fre- 
quencies or wave-lengths, or was composed of several series of cur- 
rents where each current ofa series differs from the next to it by a ‘ 
very small amount. 
This band would then correspond to a spectrum in which some 
broad lines were wanting. 
It would be reasonable to assume in this connection that this 
electric spectrum was in some way a function of the winding of the 
dynamo or the shape of the field magnets and that it may be mod- 
ified somewhat by the transformers or inductive resistance through 
which the current passes. 
No definite statement can be made regarding this, however, for all of 
the pictures so far have been taken under too nearly the same condi- 
tions to bring out such differences. At first thought it seems strange 
that the consecutive alternations do not appear symmetrical, but this 
is easily explained when we know that the slit is very close to the im- 
age of one of the carbons and a relatively long distance from the other. 
Realizing the incompleteness of the work described I have yet 
ventured to report it, hoping for opportunity in the near future for 


fuller investigation. 


After the copy for this article was in the printer’s hands my at- 
tention was called to a paper in the June, 1898, Proceedings of the 
American Academy of Arts and Sciences (Vol. XXXIII., No. 18) 
by Henry Crew and Olin H. Basquin on “ The Sources of Lumi- 
nosity in the Electric Arc.’’ They have used the same general 
method as that employed in preparing this paper except that their pic- 
tures are composites made through a comparatively wide slit while 
those here shown are for single exposures through a narrow slit. 
Their conclusion that the persistent luminosity is chemical or thermal 


and not electrical would correspond with the work here presented. 
Puysicat. LABORATORY OF CORNELL UNIVERSITY. 
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THE MAGNETIC DEFLECTION OF REFLECTED 
KATHODE RAYS.' 


By ERNEST MERRITT. 


REVIOUS to the year 1881 it was generally believed that 

kathode rays came to an end when they encountered a solid 
obstacle. In that year, however, Goldstein discovered evidences of 
the reflection of kathode rays, and carried out an extensive series of 
investigations on this subject.” He found that those parts of the 
tube that fluoresced under the influence of the kathode stream be- 
came themselves the source of rays, these being similar in most 
respects to the rays coming from the kathode, but of smaller inten- 
sity. These rays possessed the power of exciting fluorescence, 
and were deflected by a magnet. They proceeded in all directions 
from the point at which they originated. Shadows were cast in a 
beam of such rays by a solid obstacle, as in the case of ordinary 
kathode rays. It was found that the rays were also formed when 
the kathode stream impinged upon solid bodies other than glass. 
Fluorescence on the part of the reflecting solid was not essential ; 
reflection occurred at the surface of metals as well as at the surface 
of insulators. 

Goldstein looked upon these phenomena as resulting from the 
diffuse reflection of kathode rays. No evidence was found of any 
regular reflection, such as would be observed in the case of light. 

After the publication of Roentgen’s discovery it was suggested 
that the phenomena observed by Goldstein might have been due to 
X-rays.’ Such rays are undoubtedly developed at points where 
the kathode rays encounter a solid obstacle, and they would be 
propagated in all directions in much the same manner as the rays 


1A paper read at the Boston Meeting of the American Association for the Advance- 
ment of Science. 

2 Berlin Academy, July 7, 1881; Wiedemann’s Annalen, 15, p. 246, 1882. 

3Q. Murani, Luce e Raggi Roentgen, p. 164. 
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studied by Goldstein. But the X-rays are not deflected by a mag- 
net ; whereas one of the first properties mentioned by Goldstein in 
referring to the new rays was their susceptibility to the influence of 
a magnetic field. 

An excellent illustration of the reflection of kathode rays is af- 
forded by the focus tubes used for the production of X-rays. The 
reflected rays are given off from the same part of the platinum tar- 
get at which the X-rays are known to be developed, and produce 
strong fluorescence on the walls of the tube at points where the 
direct kathode rays cannot strike. It is often observed that such a 
focus tube seems to be divided into two halves by an imaginary 
plane passing through the platinum target; on one side of this 
plane the glass fluoresces brilliantly under the action of the reflected 
kathode rays, while on the other side such fluorescence is either 
absent or much less brilliant. S. P. Thompson’ has given to the 
rays that produce this fluorescence the name “ para-kathodic”’ rays. 
Although they possess the power of exciting fluorescence and are 
deflected by a magnet like ordinary kathode rays, Professor Thomp- 
son states that they differ from these in not possessing the power of 
producing X-rays. This conclusion has recently been contradicted, 
however, by Swinton,’ who has shown by means of pin-hole photo- 
graphs that X-rays are really given off, although in small amount, 
from all parts of the glass that is struck by the para-kathodic 
rays. Swinton expresses the opinion that these rays are due to 
rapidly moving particles, but states that these particles carry a posi- 
tive charge rather than a negative one. No experimental reasons 
for this view are given in the brief abstract of Mr. Swinton’s paper, 

1 Royal Society, June 17,1897. See Nature, July 8, 1897, p. 238. Others have been 
of the opinion that the fluorescence in the case just referred to is produced by the X-rays. 
See for example an article by Elihu Thomson, London Electrician, Vol. 38, p. 302, 1897. 
It is quite possible that the effect is partly due to the action of the X-rays; but the 
changes produced by bringing a magnet near are sufficient to prove that the X-rays do not 
afford a complete explanation. It should be added that when the vacuum is high a strong 
magnet is required to give unmistakable evidence of deflection. 

2Royal Society, July 16, 1898. See Nature, July 21, 1898. 

3A. A. Swinton, 1. c. ‘‘ They do not appear to be negatively but positively 
charged. The author suggests that they may very probably consist of kathode ray parti- 
cles which, having struck the anti-kathode, and having thus given up their negative 
charges and acquired positive charges, rebound, both by reason of their elasticity and also 
by repulsion from the anti-kathode.’’ 
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and I have not been able to find anything to confirm it. <A strong 
argument against its correctness is afforded by the fact that the re- 
flected rays are deflected by a magnet in the same direction as kath- 
ode rays themselves.’ 

So far as I have been able to find there are no experiments which 
make it necessary to alter the view held by Goldstein in regard to 
these rays. Crookes’ theory of kathode rays, as modified by 
Wiechert and J. J. Thomson and so strikingly confirmed by a host 
of recent experiments, would lead us to expect reflection ; for the 
little particles which form the kathode stream would naturally re- 
bound on striking a solid obstacle. These particles are so extremely 
small, being probably much smaller than an atom of hydrogen, that 
all surfaces, however highly polished, would behave toward them 
like rough surfaces. The particles would therefore rebound in all 
directions, and diffuse reflection, rather than regular reflection, would 
result. 

Another view regarding these rays has, however, received some 
support. It is known that a metal struck by kathode rays acts in 
many ways as though it were itself a kathode. We should there- 
fore expect it to send off kathode rays of its own. These rays might 


’ 


form the “ para-kathodic”’ rays of S. P. Thompson or the reflected 
rays of Goldstein. Several objections to this view at once arise. 
In the first place, kathode rays usually proceed in a direction nearly 
normal to the surface at which they are produced; yet the “ para- 
kathodic”’ rays proceed in all directions, without regard to the di- 
rection of the normal. Again, the various properties of kathode 
rays, including their deflection by a magnet, are known to depend 
upon the manner of their production, and especially upon the sud- 
denness of the potential changes at the kathode. We should hardly 
expect that the conditions at the anti-kathode would be identically 
those of the kathode proper; so that the deflection of these rays in 
a magnetic field would probably be different from that of the rays 


that produce them. In his original paper Goldstein states, however, 


1 Since the above was written this question has been settled by H. Starke (Wiede- 
mann’s Annalen, Vol. 66, p. 49, 1898) who has not only shown experimentally that the 
reflected rays carry a negative charge, but has also measured the relative reflecting power 
of different metals. 
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that these rays are deflected, generally speaking, in the same way 
as other kathode rays. In this respect they differ greatly from Gold- 
stein’s secondary kathode rays, which are developed at any point in 
the tube where there is a sudden change in cross section. The latter 
rays are usually deflected very much more by a magnet than are 
rays from a true kathode in the same vacuum tube. 

The experiments described below were undertaken in order to 
determine whether direct and reflected kathode rays are really de- 
flected by a magnet in appreciably equal amount. So far as I am 
aware no quantitative experiments have heretofore been made on 
this subject. An exact knowledge of the behavior of the para- 
kathodic rays in a magnetic field is, however, of considerable impor- 
tance in forming an opinion regarding the character of these rays. 
As has been pointed out by Lenard,’ all the various properties 
of a beam of kathode rays are determined by its magnetic deflec- 
tion, just as the properties of a beam of light are specified by its 
wave-length or refrangibility. If the para-kathodic rays are found 
to be deflected to the same extent as the kathode rays that produce 
them, it is therefore reasonable to conclude that their other proper- 
ties are also the same. In this case it is certainly most plausible 
to think of these rays as resulting from reflection, and the introduc- 
tion of a new name is not warranted. On the other hand, if the 
magnetic deflection is distinctly different for the two rays, we must 
conclude that the para-kathodic rays could not have been produced 
by simple reflection ; in this case we have to deal with a new class 
of rays, whose properties and mode of development remain to be 
investigated. 

The tube used in making measurements of deflection is shown in 
Fig. 1. A concave kathode, A, was so arranged as to focus kath- 
ode rays on the insulated platinum target P. X-rays and reflected 
kathode rays were thus sent off in considerable intensity from the 
central part of the target. A small aperture in P allowed some of 
the kathode rays to pass beyond the target; and a small conical 
bundle of these rays, after passing through an opening in the alu- 
minum screen, S,, marked out a little,fluorescent patch on the glass 
at /,. A compact beam of the reflected rays, producing a fluores- 


1 Wiedemann’s Annalen, 51, p. 225; and 52, p. 23. 
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cent spot at /,, was obtained by means of the screen S,. The 
anode was a small bit of aluminum wire at A. The discharge 
through the tube was produced by means of an induction coil. 

The tube described made it possible to observe the behavior of 
the direct and reflected rays at the same time and under the same 
conditions as regards vacuum, mode 
of excitation, etc. In measuring the 
magnetic deflection of the direct rays ( ™ 
a permanent magnet, VS, was placed in 
the position shown in the figure, its F, 
distance from the screen, S,, being ac- | 


curately measured. Under the influ- 
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ence of the weak field thus produced 


the fluorescent spot, /, was de- 


flected either to the upper or lower Vi 
side of the tube. Its distance from S$, a | 

3 P 
was then carefully measured. By *! ay ss 





means of weak auxiliary magnets near 
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K the two beams of rays were first 
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of all made to coincide as nearly as 


possible with the axes of the two tubes. 








. . A 
But in order to avoid errors due to any ‘ 
fault in this adjustment two readings 
: Fig. 1. 


were taken in each case, first when /, 
was deflected upward, and second when the magnet was reversed 
so as to produce a deflection downward. The mean of the two 
readings gave a measure of the magnetic deflection of the rays. 
The deflection of the reflected rays was measured in the same man- 
ner, the magnet being shifted over to the branch tube for this pur- 
pose. The distance between the magnet and S, was made the same 
as its original distance from S,. 5S, and S, were equally distant 
from O. 

It is seen that the conditions were practically identical for the 
direct and reflected rays. In only one respect was there any lack of 
symmetry, namely, in the position of the anode. But by making a 
few trials with S,, S,, or Pas anode it was found that the position 
of the latter was without measurable influence on the magnetic de- 


flection. 
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Since the only object of these measurements was to determine 
the equality or the inequality in the deflection of the direct and re- 
flected rays, no attempt was made to obtain results in absolute 
measure. 

While taking observations the tube was kept in connection with 
the Greiner pump used for exhaustion. Owing to a small leak, or 
to heating, the pressure in the tube gradually changed during the 
course of a series of measurements, so that the magnetic deflection 
was slightly different at the end from what it was at the beginning. 
To eliminate errors due to this cause measurements of the deflection 
of the two rays were made alternately, so that a set of readings for 
the reflected rays always fell between two sets for the direct rays. 
Readings were begun when the vacuum was sufficiently high to 
make the equivalent spark-length in air about 3 cm., and were con- 
tinued until the pressure had increased so greatly that the fluores- 
cent spot /, could no longer be seen. 

Numerous sets of alternate measurements were made in the man- 
ner just described, the position of the magnet being varied in 
the different sets through as wide a range as the length of the 
tubes permitted. In only one case could any difference be de- 
tected in the deflection of the direct and reflected rays. This was 
when the end of the magnet was only 4 cm. from S, and S,. 
The difference in this case appeared to be due to the action of the 
magnetic field upon the rays passing between A and /. It is evident 
that the action of the magnet upon these rays would be different for 
the two positions in which it was used. In the case mentioned 
the effect was to make the deflection of the reflected rays appar- 
ently less than that of the direct rays. 

When the distance from VS to the screen S, was greater than 4 
cm. no systematic difference could be observed in the behavior of 
the two rays. While the individual readings varied, sometimes in 
one direction and sometimes in the other, the variations were so 
small that they could be properly ascribed to accidental errors of 
observation. The results of one set of readings are given in the ac- 
companying table. In this case the magnet was at a distance 
of 5.2 cm. from S, and 5S, During the course of the observations 
the pressure in the tube increased so that the equivalent spark- 
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length changed from 1.7 cm. to 0.4 cm. In the first column is 
given the distance of the fluorescent spot from the screen S, when 
the magnet was placed so as to deflect the rays upward ; the second 
column shows the corresponding distance when the rays were de- 
flected downward ; while the third column gives the mean of the two. 
The observations with the reflected rays are recorded in the same 


manner. 
Direct Rays. Reflected Rays. 
eened.” | cowannse. | Sem Upward. | Dewanea, | Semn. 
7.4! 6.65 7.02 6.8 7.10 6.95 
7.2 6.40 6.80 6.7 6.80 6.75 
7.0 6.35 6.67 6.6 6.75 6.67 
6.9 6.25 6.57 


In the above set of observations the average for the four measure- 
ments made on the direct rays is 6.76, while the three measure- 
ments made with the reflected rays give an average value of 6.79. 
In view of the faintness of the fluorescent spot produced by the re- 
flected rays, the difference between these two numbers can only be 
regarded as accidental. With the one exception already mentioned, 
all of the numerous sets of observations led to similar results. 

While the method employed was not susceptible of the highest 
accuracy, the results at least show that if the direct and reflected 
rays differ at all in their behavior in a magnetic field, the difference 
is extremely small. This conclusion carries with it a number of 
indirect consequences. For example, if we accept the Crookes’ 
theory of kathode rays, the reflected rays would naturally be looked 
upon as consisting of electrified particles that have rebounded from 
the reflecting surface ; the fact that the direct and reflected rays are 
equally deflected by a magnet is then an indication that the velocity 
of the particles is not appreciably altered by reflection. If the par- 
ticles rebound in accordance with ordinary mechanical laws this re- 
sult may be explained by either of two hypotheses : (1) The mass 

1 The measurements were made with a scale whose large divisions were 0.5 inch long, 


these being divided into tenths, To reduce to centimeters the numbers tabulated must 
be multiplied by 1.27. 
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of each particle is large compared with that of a molecule of plati- 
num, but small compared with the mass of the whole target. The 
fact that kathode rays are able to pass through metal films makes 
this hypothesis improbable. (2) The kathode ray particles are 
small as compared with the molecules of the platinum target; in 
this case the platinum surface does not reflect as a whole, but each 
of its molecules acts as a reflector, and the particles rebound from 
the platinum molecules as rubber balls would rebound from a heavy 
projectile. This hypothesis is so completely in agreement with the 
other known properties of kathode rays that it seems by far the 
more probable. In view of the small amount of experimental work 
that has been done on this subject, speculation regarding the exact 
manner in which reflection takes place would perhaps be premature. 
But even if the laws of elastic impact are only approximately ap- 
plicable it is clear that the phenomena of reflection must be 
influenced by the activity of the molecular vibrations in the reflect- 
ing body. We should therefore expect the reflecting power to de- 
pend upon the temperature and molecular condition of the reflector ; 
in fact upon any factor which has an influence upon the vibrations 
of its molecules. Experimental data are not yet at hand to show 
to what extent this conclusion is justified." 


1 The experiments of Starke (1. c.) show, however, that the reflecting power bears no 


simple relation to the density or atomic weight. 
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THE MEASUREMENT OF SHORT ELECTRICAL WAVES 
AND THEIR TRANSMISSION THROUGH 
WATER CELLS.' 


By A. D. COLE. 


N 1892 Ellinger* measured the refractive index of water for elec- 

trical waves about 60 cm. long, by using a huge prism of water. 
In 1895 the author’ attempted to make a similar measurement with 
waves of only 5 cm. length, and found that the absorption was so 
great that scarcely any effect could be observed beyond the prism. 
A flat cell, containing a layer of water 1.1 cm. thick, allowed only 
2or 3% of the electrical energy to pass through it. The prism 
method seemed so unpromising as a means of determining the re- 
fractive index that it was forsaken and the measurement made by 
another method. 

This summer an attempt was made to determine the absorbing 
power of water more definitely. As it had been shown to have 
great absorption for 5 cm. waves, but feeble for 60cm. waves, meas- 
urements were made with waves of several different lengths. Thus 
far three different lengths have been tried, namely five, eight and 
sixteen centimeters. Both longer and shorter ones will also be used. 

This general plan has been followed: the energy radiating from 
a modified Righi exciter is received and measured, first when noth- 
ing but air intervenes, secondly with a thin cell of water interposed, 
and finally with a thicker cell of the same sort. It would seem 
that the difference of the last two, as compared with the total given 
in the first reading, 
a water-layer having a thickness equal to the difference in the thick- 


would give a measure of the absorbing power of 


ness of the two cells. We would expect the losses by reflection to 
be about the same for each. 
1 Read before Section B, Am. Assoc. Adv. Sci., at Boston, August, 1898. 


2 Ellinger, Wied. Ann., Vol. 46, p. 513, 1892. 
3 Cole, Wied. Ann., Vol. 57, p. 290, 1896. 
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For producing and measuring the electrical oscillations, apparatus 
was employed very similar to that used in the 1895 experiments. 
Fig. 1 shows the exciter used. 























Fig. 1. 


A and A’ are glass tubes about 5 cm. long and .6 cm. in diameter. 
Their inner ends are drawn out and serve to support two small 
cylinders of metal which are cemented into them. These cylinders, 
immersed in oil and separated by a very short spark-gap, form the 
oscillating system, and their dimensions determine approximately 
the wave-length of the radiation. The discharge from an induction 
coil is brought to them by means of the wires 4, 4’, whose ends are 
bent into loops just large enough so that friction will hold them in 
the glass tubes about 3 mm. distant from the little cylinders. Thus 
there are three spark-gaps as in Righi’s exciter. The length of the 
oil gap, which must be very short and exactly adjusted, is con- 
trolled by the screw C, which presses with variable force upon the 
>-shaped spring frame DY, whose lower limb supports the oil ves- 
sel £ and the tube 4’ while its upper limb holds the tube B by 
means of the wooden clamp /. Metal was avoided in making the 
apparatus ; the frame ZY and oil vessel # are made of glass, and G 
of hard fiber. This oscillator was mounted in the focal line of a 
cylindrical parabolic mirror. 

The receiving instrument was the same as that used in the earlier 
research, and has been described already ' in this journal. 


1 Puys. ReEv., Vol. IV., p. 54; also Wied. Ann., 57, p. 298, 1896. 
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It is essentially a Righi resonator with a minute thermo-junction 
of fine iron and German-silver wires in place of the spark-gap. It 
was enclosed in a tight cardboard box to protect it from heat radia- 
tion and mounted in the focal line of a small parabolic mirror. This 
mirror did not have a continuous metallic surface, but was made of 
cardboard covered with strips of tinfoil having the same length as 
the combined length of the two strips in the resonator. 

For each wave-length a different exciter was used, and each ex- 
citer had its own receiver, with period corresponding to its own. 

Ordinarily the resonator was placed about 60 cm. away from the 
exciter. Between them a large tin-foil screen was mounted, having 
in it an opening 11 by 13 cm. The energy passing through this gave 
deflections of about 40 scale divisions in an Elliott galvanometer 
of five ohms resistance, which was joined to the thermo-element of 
the resonator. The sensitiveness of this instrument was such that 
one scale division of deflection was produced by 2 x 10~9 ampéres 
of current when the scale was one meter distant. The deflections are 
not as large as may easily be obtained in a coherer, but the thermo- 
receiver was very much more regular in its action and strictly 
quantitative in character. I found the coherer much more capri- 
cious and irregular, and gave up the idea of using it after having 
given it a good trial. An illustration of the quantitative character 
of the results given by the thermo-resonator is given in the reference 
last cited. A 5 cm. exciter and its receiver were both deprived of 
their mirrors and set up 25 cm. apart. A series of deflections were 
noted, the distance between them doubled and another series taken. 
The mean deflection at 25 cm. was almost exactly four times that 
at 50 cm. 

Professor Drude, of Leipsic, published an account of a similar 
study of the absorption of electrical waves of short period by water 
while these experiments were in progress (in Wied. Ann. for July). 
He used the coherer as his measuring instrument. 

The details of the measurements with the thermo-resonator were 
as follows: a reading of the galvanometer was made when the 
exciter was thrown into action, with nothing interposed between it 
and the opening in the screen, then another with a water cell placed 
over the opening, then another like the first and so on alternately 
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until about a dozen readings of each kind were obtained. From the 
mean of each of these series was deducted the small deflection 
(usually less than one scale division), which was obtained when a 
screen of sheet metal was interposed. This was simply due to the 
magnetic influence of the induction coil and its connection wires 
upon the galvanometer. One series of readings is given to illustrate 


the regularity and steadiness of the action—a steadiness which I 





have never been able to obtain with a coherer, even when the galva- 
nometer was enclosed in a box of heavy sheet copper with joints 
soldered water tight. It should be noted that a sheet of metal 
interposed is sufficient to screen the thermo-receiver, which shows 
that the effects produced when the screen is removed are due to 


energy coming directly from the exciter. 
D D> o 


Nothing interposed. Cell of water, 1 mm. thick. 

Deflection 30.8 6.3 

29.6 6.0 

30.3 5.9 

29.5 6.0 

28.8 5.6 

27.7 5.6 

27.6 5.3 

27.1 5.6 

26.5 5.1 

26.8 5.3 

26.9 5.4 

26.1 
Mean 28.1 5.6 
Less 1.4 1.4 magnetic influence. 

26.7 4.2 

4.2 
2%6.7 = 15.7% 


Each series shows some falling off from beginning to end, as the 
spark-gap slowly widened. It is quite regular, but makes it neces- 
sary to take readings alternately with and without the cell. 

Two cells were used; one having sides of two pieces of window 
glass about 2.5 mm. thick and placed 1.05 mm. apart, the other 
having the same two pieces of glass separated by 3.65 mm. The 
results of 29 series of readings made with these two cells and wave- 
lengths of 5, 8 and 16 cm. are here tabulated. 
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Wave-length | Glass Vessel, Vessel with water 3.65 Vessel with water 1.05 
used. Empty. min, thick. mm, thick. 
| 32.5 %, 13.3 % 
| 35.5 17.6 
| | 33.3 15.7 
5 cm 66.5 %, 37.4 16.0 
| | 35.6 | 15.7 
35.2 
Mean 34.9 15.7 - 
71.7 | 27.1 22.4 
69.1 24.6 | 20.7 
8 cm. 69.8 26.7 19.5 
69.5 | 
Mean 70.0 | 26.0 | 20.9 : 
69.0 | 12.0 15.8 
16 cm. 64.9 10.4 14.9 
14.7 
Mean 67.0 12.4 15.4 


We see from this table the curious result that the thicker cell of 
water seems more transparent to both the 5 and 8 cm. waves than 
the thinner. This is, perhaps, due to interference between the direct 
and reflected portions of the radiation. If so, it can be eliminated 
by varying the thickness of the water layer, which we propose to try. 

The existence of considerable reflection from the glass surfaces is 
indicated by this, that about 30% of the radiation is cut off by the 
two plates of the empty cell, and about this same amount whether 
the plates are thin or thick, so that the loss is not by absorption in 
the glass. It can be shown also, by filling the cell with an oil, that 
it allows more energy to pass than when empty. It is easily un- 
derstood how a material of about the same refractive index as glass 
would reduce reflection at two of the four surfaces. 

Evidently the data for calculating the absorbing power of water 
for electrical radiation have not yet been obtained. Further experi- 
ments are needed to enable one to make due allowance for reflec- 
tion and interference losses. It is proposed to resume the study as 
soon as possible. , 

In conclusion, attention is directed to the apparatus used in these 
experiments as suitable for any sort of quantitative demonstration 
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of electrical oscillations by lecture. The deflections can readily be 
made visible to an audience, and yet are strictly proportional to the 
energy received. The phenomena of reflection, refraction, inter- 
ference, polarization, etc., of electrical oscillations, can be rapidly 
and accurately shown. 

The experimental work described above was done at the Ryerson 
Laboratory, University of Chicago. 

GRANVILLE, O., August 15, 1898. 
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THE INFLUENCE OF A SHORT-CIRCUITED SECOND- 
ARY UPON THE OSCILLATORY DISCHARGE 
OF A CONDENSER. 


By J. H. Smiru. 


HE following paper is an investigation of the effect of a 
closed secondary coil of small resistance upon the oscillatory 
discharge of a condenser. It appears that under certain conditions 
the presence of a secondary coil causes a diminution in the natural 
period of vibration of the primary circuit. This conclusion, which 
at first appears contrary to what would be expected, was reached 
while considering the problem from the theoretical standpoint. 
Confirmatory experimental data were found later. 

Let Z be the coefficient of self-induction of the primary, FX its 
resistance, 7 the instantaneous value of the current in it, and g the 
total quantity of electricity which flows through the condenser of 
capacity c. Let J be the coefficient of self-induction of the sec- 
ondary, the resistance of the latter being X and its current z,. J/ is 
the coefficient of mutual induction. 

The equations of motion are 


di, di, se 
Nal fate ee 
di, , at, a 
M at + A at a Sz, =O, 


or in symbolic form 
(LD + R)i, + MDi, =*, 
MDi, + (ND + S)1, = 0. 
Upon eliminating 7, we have 


[(LN— MD + (LS + RN)D + RS}i,= (ND + S)%, 
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let i=-—g9 
Dn, =— Pq. 


We have therefore 
[izv- M)D + (LS + RN)D* 4+ (xs += D+ >| sua 
where LV — M’> 0, and assuming 7, = ¢” we have 
N 5 
(LN— MP 4(LS 4+ RN) p+ (xs Pe )e +2 =0. 
c 


When R and S are small, the theory of equations shows that this 
equation has one small negative root and the other roots form a 
pair of conjugate imaginaries. 

As S approaches zero, the negative root, , approaches zero. 

We may assume that the solution is of the following form: 


ga A, e~4 4 A, ele +B 4 4, ¢ (o— BD 


Moreover a@ is intrinsically negative. For when / is small, we 
have as a first approximation 


—_ S 
pm as ie 
Taking the sum of the roots 
— saw t t+ #) + — 8) =——(ES +£N) 
S 
2a = — -—(ZS+ RN). 
“= CRS +N (LS + RN) 


As (RS) is of second order 


2a =, —(LS+RN) 


. , » & 
and when & and S are small as compared with Z and J, v7 


is less than either LS or RN. a is therefore negative. 

Hence g= Aje—# + A,e—@— BE 4 Ale — (ot By, 
= Ae~4+4+e-“(A,e—* + A,e*), 
= A,e~# + e—-%(Csin St + Dcos fit). 





— >= 


—— 
fo 








Se 
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The conditions for determining constants are 


g =O, ~=0O, 
g = const, ‘= 0, 
g=cV, ¢ =O. 

To fix the damping we must know a, and to detect a change in 
the period of oscillation we must know f. Let us divide out the 
S 
cRS + N 


small root ~, = and we get by actual division 


(LN — M?) p? +[ (Zs + ii S27 ~] 


cRS + N 


O. 


(RS + N/ od — [ (zs + RN) — (LN — M”*) = S 


cRS+N 4 cRS+N 


Since RS is of the second order we may throw away terms in- 
volving RS and get the simple quadratic 


(LN — M*) pf + | (Zs + RN) — (LN — M?) v2 i al 
d c 


where »= a+ 278 and p, = a — 73. 
From the sum of the roots 

LN WT? -d LS + RN 
(LN — 4 )y— + RN) 


2(LN — M?) ies 


N 
c(LN — M*) 


aZ=s 


and using a+ FP = 





a=, «(LN — M?) — —_- x~LN—-M)} 


To verify (A) and (B) which should reduce to type form of solu- 
tion of 


~~ 


L Ut 


dQ 
7 


( O 
qat &- +75 
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which is 
R 


oe! I R’ \} 
Q=Ace cos | (F:—<n) tt}; (C) 


R , ; 
put I= 0, S= and a from (A) is — 5, the coefficient of ¢ in (C). 


Again suppose Z = JN in the solution and put 17/= KZ, which 
suppositions do not rob the solution of its generality, and 


_ (1—K*)S—(R+5S) 


a 


2L (1 —K%) 
_  «K*S+R 
— 1— KL" 


The effect of the closed coil is then to increase the damping. 
Upon the same suppositions 


, J I (K?S + RP 
PSL —K*) 41 — K?) 





which, in comparison with coefficient of ¢ in (C), shows f to be 
x . eT ene 
larger. Since # = 7 , 7 the period is much diminished as appears 


by comparison of 7, the natural period, with that derived from the 
above value of f. This is a result that I have never seen men- 
tioned in any of the text-books with which I am familiar. It is of 
such importance in the theory of oscillating currents that I scarcely 
believe its treatment would be overlooked were it known. 

Confirmatory experimental data were sought, and the work of 
Messrs. Millis and Hotchkiss with the Hotchkiss galvanometer was 
reviewed, with the idea of adapting this instrument to the study of 
the oscillatory discharge under the conditions assumed above. 

Strangely enough the very data needed were found in one of the 
articles of Professor Millis.’ 

The data as given in the above article are R = 5.3 ohms, v = 280 
volts, c = 8.31 mcf., 2 =.036h. The resistance was in the form 
of an open coil of No. 10 copper wire. Photographic curves are 


1 PHYSICAL REVIEW, Vol. IV., p. 128. 
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shown both for the case of the natural vibration, and when the coil 
is filled with a brass cylinder; in one case this cylinder was solid, 
while in another instance a hollow cylinder was used. In the latter 
case the thickness was one-eighth inch. 

Data are omitted for the period in the latter two cases, but my 
own measurements of the curves give the following results : 


Nat. Period. Solid Brass. | Hollow Brass. 
| 


Time in seconds. | _ +00326 00291 -00289 


These show unmistakably that the natural period of the primary 
is lessened merely by the nearness of a conducting non-magnetic 
body. It is to be remarked that the above effect is quite different 
from the case where we have two systems of different frequencies 
each influencing the period of the other. 
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On A PossIBLE CHANGE OF WEIGHT IN CHEMICAL REACTIONS. 
By FERNANDO SANFORD AND LILLIAN E. Ray. 


N the PuysicaL Review of October, 1897, the present writers pub- 
lished a short article under the above caption in which they described 
some experimental work undertaken to determine whether a chemical re- 
action resulting in the reduction of silver from a silver salt is always ac- 
companied by a change of weight, as was apparently the case in the re- 
actions observed by Landolt in 1894.' | The conclusion was that in the 
reaction used by us any possible change of weight was much less than 
the change observed by Landolt, and less than the probable error of our 
determinations. 

During the present year a similar investigation has been undertaken 
with an iodine reaction, since in Landolt’s investigations the reduction 
of iodine from iodic acid and hydriodic acid gave in every case a loss of 
weight. The reaction used by us was the reduction of iodine from po- 
tassic iodide by the use of ferric chloride. The apparatus and method 
used was the same as in the former experiments, except that the sensi- 
tiveness of the balance was made much higher and the tubes containing 
the reagents were more accurately balanced, so that no accessory weight 
was needed. ‘Thedifference in the volume of the two tubes was less than 
one cubic centimeter. ‘The weight of each tube with its contents was 
approximately 500 grams, and their difference in weight when sealed off 
ready for weighing was only three-fourths of a milligram. 

Each f} tube contained before the reaction 105 grams of potassic io- 
dide in 75 cc. of water in one side, and 108 grams of ferric chloride in 
65 cc. of water in the other side. ‘This would give, if the iodine were 
completely reduced, about 80 grams of iodine, which is practically the 
quantity of iodine reduced in some of Landolt’s reactions. No deter- 
mination of the iodine was made at the end of the experiment, but the 
large quantity of precipitated iodine showed that the reaction was gen- 
eral, if not complete. 

The investigation was carried on during parts of four successive 
months, thus allowing opportunity for any slow change to be recognized. 
The weighings were made at irregular periods of time, sometimes by one 
of us and sometimes by the other. During the investigation the balance 
was taken apart, cleaned and readjusted twice. The tubes were handled 


1 Zeitschrift fiir physikalische Chemie, 12,1. 1894. 
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by a piece of chamois leather held in the hand, and were frequently 
wiped off with this leather or brushed with a camel’s hair brush. All 
these opportunities for an accidental change of weight were given to see 
if any such change could be observed, but no such change appeared. Any 
error due to a change in the resting point of the balance was guarded 
against more closely than in the former experiments. The balance was 
worked at nearly its maximum sensitiveness, but the resting point was de- 
termined before and after each weighing, and any change of resting 
point great enough to affect the apparent weight of the tubes by one- 
tenth of a milligram caused us to reject the whole series of weighings in 
which this one appeared. 

The results of our weighings appear in the following tables. Each 
series consists of twelve successive double weighings, each double weigh- 
ing being made by the method described in our former paper from nine 
single weighings. ‘The column headed 4A-S gives the difference in the 
apparent weight of the tubes. 


Date, 1898. A—B Date, 1898. | A—B 
January 22 0.69 mg. February 11 0.51 mg. 

* 2 0.85 ** - 14 0.82 ‘* 

26 O73 “ " 21 0.96 * 

27 0.82 * - 23 Og * 

February 1 0.58 *‘ - 24 aan * 

" 3 0.66 ‘* » 25 0.72 * 

A — B=0.745 + 0.024 mg. 


After Reaction in A. 


February 26 0.52 mg. March 24 0.86 mg. 
« 2 0.63 * * 0.84 * 
March 3 = ila April 5 0.78 “ 
“ 0.60 ‘ “ © aa * 

7 G83 ** 7 0.89 <* 


“ 2 0.80 * “" 6 0.80 * 


A — B=0.757 + 0.022 mg. 
Gain in A = 0.012 mg. 
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After Reaction in 2. 


May 4 0.69 mg. May 13 0.69 mg. 

* © as “ 0.74 * 
“« 9 | 0.71 « | « 19 | 0.72 « 
« 10 0.77 * ae 0.70 * 
we 0.69 * ° 2 0.75 * 
“ B 


0.76 « “ 27 0.77 « 


A — B =0.728 + 0.006 mg. 
Gain in B = 0.029 mg. 


The above tables show an average apparent gam in weight after each 
reaction of 0.02 mg. with a probable error of 0.014 mg., while the six 
reactions observed by Landolt, in which approximately the same quantity 
of iodine was reduced, showed in every case a Joss of weight, averaging 
0.053 mg. to each reaction, while the probable error of his weighings 
was 0.01 mg., or about the same as ours. ‘This still leaves the main 
question open, but our weighings seem to show that in the reaction used 
by us any possible change in weight was not more than one ten-millionth 
part of the weight of the reacting substances. If gravitation were a stress 
acting between molecules instead of atoms, a greater change than this 
would seem probable. 


STANFORD UNIVERSITY, July 28, 1898. 



































PHOTOMETER SETTINGS. 


A DEVICE FOR RECORDING PHOTOMETER SETTINGS. 
By CHARLES P. MATTHEWS. 


N the ordinary photometric process, there occurs between successive 
settings a considerable interval, in which a reading of the bar is 
taken and recorded, either by the observer or an assistant. Various ex- 
pedients for reading the bar are resorted to, as, for example, the use of a 
hand-mirror to reflect a beam of light from one of the sources, or the 
turning on of a glow-lamp. ‘These methods are not free from objection. 
The sudden influx of light produces in the observer fatigue of the retina 
and of the pupillary muscles, and there is a consequent loss of visual sen- 
sitiveness. Furthermore, when it is a question of the photometry of a 
fluctuating source, the infrequency and irregularity of the readings is a 
drawback. In arc-light photometry the illumination of the photometer 
disk is a shifting quantity. Some means of recording a setting as soon 


























Densuneiilicinelll 
'© 
see a 
ee lee! Y2 a, 2 | 
‘tea ie AP 
ae ae 
J | I | 
|| | 





as made, thus allowing the observer to proceed to a subsequent setting 
without interruption or the necessity of removing his gaze from the 
photometer screen, would seem likely to yield more satisfactory results, 
with a considerable economy in time. 
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In the course of experiments on the alternating arc the writer has used 
a recording drum of the type shown in Fig. 1. A cylinder of wood 10 
cm. in diameter and about 1.5 m. in length is mounted with its axis 
parallel to and somewhat below the top of the photometer bar. At the 
end of a spring s, attached to the photometer carriage, a steel point pro- 
jects downward nearly to the surface of the cylinder. A rod 7 extends 
the length of the cylinder and carries at one end a pawl which engages 
the teeth of a ratchet wheel at the cylinder end. ‘The act of depressing 
sharply the rod + advances the cylinder a certain angular amount and 
punctures the paper by means of the steel point /. 

For identifying the records two methods suggest themselves. The 
point # may, at the close of the measurements, be placed over each 
puncture successively and the corresponding reading taken from the bar, 
or the paper covering the cylinder may be ruled and marked in the same 
manner as the bar itself, when the settings may be read directly from the 
paper. ‘This latter has the advantage of making a permanent record. 
It is not necessary to have the cylinder of a length greater than } to ? 
the length of the bar. When mounted on the bar in the manner shown 
it can be moved so as to accommodate a widely fluctuating series of read- 
ings. If it is desired to refer the readings to time, a battery circuit may 
be arranged so that contact between the rod 
ry and the spring s will give a bell signal. — ks 
Two additional observers are then necessary; een: ite | |, , 
one to call and one to record time. Fora fobs | Seeeeeeent 
single observer to take readings referred to |} | | rT id dd. 
time the drum must be turned at a known || | 
rate by means of a clockwork. This is not {| | | | | 
a difficult matter to arrange. When it is || ls | i} td | 
desired to make a large number of settings | | | 
without regard to their sequence, the device || | | | | 
may be used with the pawl lifted. If two || | | | | 
impressions of the point are superimposed | 
the appearance of the puncture usually reveals | 
the fact. | | | | P | | 

The records obtained possess the natural Sueeen | 

| 
| 





advantages peculiar to graphical results. 
The apparatus lends itself admirably to the | 


study of personal error, as any peculiarities | 

are at once manifest, while the observer’s ig- || { Jt it} 
norance of his settings precludes bias. Some 
interesting personal records have been ob- 
tained and will be included in a later report. 
Fig. 2 is a record of 20 settings on two 
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glow lamps placed at opposite ends of the bar and connected in parallel. 
Some retinal fatigue isshown in the increasing divergence of the settings. 
Comparing these settings with 20 settings made on the same sources but 
in the usual way we find: 


Probable error of mean without recording device = .173 
sé ‘é “ec “ec with sé ‘é -157 


‘These preliminary results indicate a difference of about 10 % in favor of 
the mechanical recorder. 

The writer has successfully used this device in the study of the alter- 
nating arc. The well-known feature of the arc known as ‘‘ hunting’’ 
produces great changes in its luminous intensity. While the photometer 
is peculiarly an instrument requiring deliberate use, one can nevertheless 
make fairly accurate sittings with sufficient rapidity to include all the 
major fluctuations in this light source. This point is illustrated in Fig. 3. 
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Fig. 3. 
The readings occur, on an average, about once in 10 seconds. A 


Kriiss-Bunsen photometer was used, the observer standing well back 
from the screen. It would doubtless be difficult, if not impossible, to use 
the Lummer-Brodhun or any other monocular instrument in this way. 


ELECTRICAL LABORATORY, PURDUE UNIVERSITY, June, 1898. 
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THe Most Erricient THICKNESS OF TRANSFORMER PLATE.! 
By F. BepELL, R. M. KLEIN AND T. P. THompson. 


a magnetic circuit built up of plates or laminz of iron, cyclic 
reversal of magnetism is accompanied by a loss of energy due to 
hysteresis and eddy currents, the hysteresis loss being proportional to 
approximately the 1.6 power of the magnetic induction Z, and the eddy 
current loss being proportional to the square of the induction and the 
square of the thickness of the laminz. ‘These losses may be expressed 
by the following formulz, due to Steinmetz. The hysteresis loss in 
watts is 
VinB'*10—". 
Here V is the volume in cubic centimeters, 2 the frequency, # the in- 
duction per square centimeter; and 7 a hysteresis coefficient dependent 
upon the quality of the iron. In the present investigation the value 
.002 has been assigned to this hysteresis coefficient. 
The eddy current loss in watts is 


Vy(inB)*10—*, 


where ¢ is the thickness of the plate in mils, including oxide or insulation. 
It is 1000 times the reciprocal of the number of plates per inch. The 
coefficient 7, the conductivity of the iron, is here taken as 10°. 

For very thick plates (so thick that we approximate the condition of a 
solid core) these formulz do not hold, but they are substantially correct 
for the thicknesses of plate considered in this investigation. According 
to these formule the hysteresis loss is independent of the thickness of 
plate ; the eddy current loss varying, however, as the square of the thick- 
ness of plate increases very rapidly as the thickness is increased beyond 
certain limits. The direct effect, therefore, of decreasing the thickness 
of plate is to decrease the losses. ‘There is an indirect effect, however, 
tending to increase the losses as the thickness of plate decreases. Fora 
given value of total magnetic flux in the magnetic circuit, the magnetic 
density increases as the thickness of plate decreases, since the per cent. 
of space occupied by air space, oxide and other insulation increases. 
Consequently as the thickness of plate decreases the hysteresis loss 


1Read at the Boston meeting of the American Association for the Advancement of 
Science, August, 1898. ; 
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increases ; the eddy current loss decreases as long as the thickness ¢ is the 
controlling factor, and suddenly increases when the magnetic density B 
increases to such a value as to more than counterbalance the effect of the 
decreased value of 7. 

It is evident that for some particular value of ¢ there will be a mini- 
mum total loss for a given frequency and for a given total flux. It is our 
purpose to determine if possible the value of ¢ which will make the total 
loss a minimum. 

The curves in Fig. 1 are computed from the formule given above, on 
the assumption that the thickness of air space, oxide and other insulation 
(designated by a) is 1.83 mils. This was an average value found from 
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Fig. 1. 


a series of measurements on transformer plates. If 2 represents the mag- 
netic density which we would have in case the plates were solid (B 
equals the total flux divided by the gross area of core), we will have for 
any thickness of plate ¢ 


oo, 
$ z 


In Fig. 1 we have curves for the following cases which represent con- 
siderable range of practice : 
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Curve I. B= 3470; frequency =12 
Curve II. B= 2170; frequency =12 
Curve III. B = 7240; frequency = 60. 
Curve IV. B= 4530; frequency = 60. 


uu 


Each of these four curves shows the total loss (in watts per pound) 
including hysteresis and eddy currents for the particular frequency and 
induction assumed. ‘These were contructed by first plotting curves of 
hysteresis and eddy current losses separately ; thus, curve III. is the sum 
of the hysteresis loss curve H, and the eddy current loss curve E. An 
inspection of curve H shows that the hysteresis loss increases as the 
thickness of plate decreases, slowly at first and then rapidly. With a 
decrease in the thickness of plate the eddy current loss is at first rapidly 
diminished and then suddenly increases for very thin plates. 
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Fig. 2. 


It is interesting to note that the four curves for total loss have mini- 
mum points for about the same thickness of plate, this minimum point 
being very flat, in fact practically covering the range from 10-to 15 mils. 

In order to make the conclusions of value it was deemed necessary to 
consider the influence ofa different value of a, thickness of the insulation 
and air space, uponthe results. Evidently for different values of a the value 
of ¢ for minimum loss will be changed. ‘The solid curve in Fig. 2 shows 
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the thickness of plate for minimum loss in terms of thickness of insulation 
a, when B equals 4170 and frequency equals 60. Data for this curve 
were obtained by plotting a series of curves, similar to those shown in 
Fig. 1, each for a different value of a; the minimum points were picked 
from these curves to construct the curve in Fig. 2. The exact minimum 
points were difficult to locate on account of the flatness of the curves. 
But the exact minimum we do not want; it is more important to know 
the range in the values of ¢ which gives what is practically a minimum 
loss. The dotted curves have been drawn in Fig. 2 showing the limits 
of variation, provided the loss does not exceed the minimum loss by 
more than (approximately) one percent. The thickness of insulation 
a may vary about 50 per cent. without taking us beyond those limiting 
dotted curves for a particular thickness of plate. The best thickness of 
plate increases as the insulation space is increased. 

We thus see that there is a wide working range for the best thickness 
of plate, say from 1o to 15 mils, which will be sufficiently near the mini- 
mum point for practical purposes, for any ordinary range of induction or 
frequency, or thickness of insulation. 

IrHaca, N. Y., May, 1898. 








EDWIN H. HALL. 


NOTE ON THE EXPERIMENTS OF I. BosI ON THE RESISTANCE OF 
MovinG ELECTROLYTES. 


By Epwin H. HALL. 


N J? Nuovo Cimento for April, 1877, is an article ‘‘ Sulla Resistenza 
Elettrica delle Soluzioni Saline in Movimento,’’ by I. Bosi, describ- 
ing experiments which appeared to show that a very moderate velocity, 
10 Or 12 cm. per second, of an electrolyte, in the direction of or con- 
trary to the direction of an electric current through it, makes a very con- 
siderable change, increase or decrease, according to conditions, in the 
electrical resistance of the electrolyte. The two electrolytes in which 
this apparent effect was observed were sulphate of zinc and sulphate of 
copper. 

During the last academic year an abstract of Bosi’s article was brought 
to my attention by a graduate student at Harvard, Mr. J. B, Hayward. 
I encouraged Mr. Hayward to try some experiments with sulphate of 
copper to see whether he would find confirmation of Bosi’s conclusion. 
He did not find it, and I, having examined carefully the work of Mr. 
Hayward, feel very doubtful whether the change of resistance reported by 
Bosi really exists. 

Bosi used a 5 per cent. solution of sulphate of copper with a velocity 
of flow about 11 cm. per second. He measured the difference of poten- 
tial of two points in the stream bya null method, using a Lippmann elec- 
trometer as a means of testing equilibrium. According to his measure- 
ments, the resistance of the sulphate of copper was nearly 3 per cent. 
greater when the direction of the current was opposite to the direction of 
flow of the liquid than when the current and the liquid had the same di- 
rection. 

Mr. Hayward used also a 5 per cent. solution of sulphate of copper. 
The velocity of the stream in his experiments was 8—1o cm. per second. 
He used a null method of measuring the difference of potential between 
two points in the stream, employing an ordinary astatic galvanometer as 
a means of testing equilibrium. He did not reverse the direction of flow 
of the liquid, but did reverse repeatedly the direction of the electrical 
current through the liquid. Certain small effects which at first appeared 
to show a change of resistance due to motion of the electrolyte, were 
found to be accounted for by the fact that a slight current passed from 
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the sulphate of copper through the astatic galvanometer, when the main 
electric current was not inuse. Whether this disturbance was due to the 
condition of the poles, mercurous sulphate on mercury, between which 
the difference of potential was observed, or to some other cause, was not 
made sure. It would appear from Mr. Hayward’s experiments that, if any 
effect of the kind described by Bosi exists, it must be very much smaller 
than the figures given by Bosi would indicate, 


CAMBRIDGE, MAss., October 19, 1898. 
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NEW BOOKS. 


An Elementary Course in the Integral Calculus. By D. A. Murray 

Ph.D. Pp. 288. American Book Company. 

Murray’s Elementary Course in the Integral Calculus is the first of the 
announced Cornell series of mathematical text-books to make its appear- 
ance. So many treatises upon the calculus have been written within the 
past few years that some explanation or apology would naturally be ex- 
pected upon the appearance of still another work. Murray’s text-book is, 
however, its own ample vindication. Designed for the use of students in 
colleges and technical schools, it is no hackneyed reproduction or imita- 
tion of previous works but shows a most refreshing independence in its 
methods and presentation. 

The most striking characteristic of the work before us is its union of 
the practical with the theoretical. No student taking Murray for his 
guide will ever leave the study of the integral calculus with the notion, 
but too common, that it consists chiefly of exercises to test the student’s 
patience and skill in algebraical manipulation. The theoretical develop- 
ment of the subject is illustrated by practical applications of a varied 
character. Among these the frequent applications to mechanics and the 
chapter upon approximate integration may be mentioned as especially 
praiseworthy. ‘The chapter upon integral curves and the references to 
the planimeter and integraph will be of special interest to the engineer. 
With but rare exceptions this balance between the practical and the 
theoretical is well maintained. Doubtless, however, it was with a view 
to the former that the author was led to make the revolutionary attempt 
to introduce the definite before the indefinite integral. The first chapter 
is devoted to a discussion of integration as a process of summation, the 
second to its discussion as the inverse of differentiation. Now while 
logically this may perhaps not be gainsayed, it is, we think, pedagogically 
unsound. ‘The definition of an integral as an anti-differential is the most 
natural bridge from the differential to the integral calculus. Any other 
course necessitates a detour and a consequent loss of time. Our author 
consumes thirty-five pages before giving a single one of the standard 
formule of integration, and this, too, without discussing continuity or 
any of the concepts underlying integration. The first two chapters of 
the book will be, we fear, for the student a dry and tedious introduction, 
and to the teacher they will be likely to prove a serious hindrance to its 
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selection as a text-book. This is the more unfortunate because the rest 
of the work is well adapted to the needs of the beginner. Very possibly 
this objection might be obviated by postponing the whole of the first 
chapter and the greater part of the second until the student has completed 
the third and has learned how to integrate the simplest functions. 

In rigor of demonstration Murray’s treatise makes a notable advance 
upon the conventional American text-book. ‘This is especially notice- 
able in his use of infinitesimals. Thus, for example, in establishing the 
formulz for areas, volumes, etc., care is uniformly taken that no infini- 
tesimal shall be replaced by another without showing that their difference 
is an infinitesimal of higher order. Another example is afforded by section 
28 on the ‘‘ precautions to be taken in finding areas by integration.’’ Em- 
phasis should, however, have been laid earlier, indeed from the very out- 
set, upon the restriction of the ‘‘ subject of integration’’—we wish that 
the author had helped to give currency to the term /nx/egrand—to one- 
valued, finite and continuous functions. ‘The learner should become 
thoroughly accustomed to the limitations upon integration instead of hav- 
ing his attention drawn to them on a single occasion by the exposition of 
certain cases where these limitations can be removed. Again, we are 
glad to see that in the cases where the author integrates a function by 
means of its expansion in a convergent series, he shows that the resulting 
series is also convergent, but we regret that the proof has not been thrown 
into such form as to make it evident at the same time that the integral of 
the function is identical with the term-by-term integral of the series. The 
proof should also be incorporated into the text instead of tucked away in 
a footnote. These instances will suffice to show that a much greater 
degree of strictness has been sought than in the average text-book, and, 
except in rare instances such as we have noted, it is all that could be de- 
sired for the beginner. 

The contents of the work are necessarily much the same as usual. Two 
of the less common chapters have already been incidentally mentioned. 
The omission of all allusion to the theory of the complex variable is most 
surprising. The book closes with a 30-page chapter upon ordinary dif- 
ferential equations which will be of value to those not intending to pursue 
the study of the calculus further. The stock of examples is exceptionally 
large and varied, a good proportion of them not being common to other 
elementary text-books. This will make the work valuable for reference 
to teachers employing other books. 

Among the minor merits may be mentioned the good mechanical execu- 
tion of the work, the historical footnotes, the explanation of the mode of 
reading the various symbols, and the treatment of the reduction formulz. 
These formule are established by a method (used also by Edwards) 
which, if artificial, has the advantage of being easy to follow and to recall, 
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and will be acceptable to the teacher who has tried to conduct the aver- 
age scholar through this slough of despond. 

Taken as a whole, the work is one of the very best for use with college 
classes. Though the influence of modern mathematics is not felt as in 
Lamb’s Infinitesimal Calculus, Murray’s work is throughout fresh, clear 
and interesting, and is well adapted to the wants of such students as the 


author had in mind. 
EDWARD B. VAN VLECK. 
WESLEYAN UNIVERSITY, September, 1898. 


Kollektivmasslehre. Von Gustav Theodor Fechner. Im Auftrage 
der kéniglich sichsischen Gesellschaft der Wissenschaften herausgege- 
ben von Gottl. Friedr. Lipps. Leipzig, Wilhelm Engelmann. 1897. 
Kollektivmasslehre is the new word used by Fechner to designate the 

theory of the variation in magnitude of similar natural objects of a col- 
lection, such as a pile of sand, a field of wheat or a crowd of men. Any 
property of the individual objects, like weight, height or mental capa- 
city, may be selected for investigation and the measurements of this are 
to be regarded as free from error; then the law of distribution of the 
objects in magnitude is often found to be the same as the symmetric law 
of probability of error in observations on a single quantity. Quetelet in 
1846 showed instances of such agreement, and concluded that in general, 
positive and negative deviations from the arithmetic mean were equally 
probable in statistics. Other instances are known in which the law of 
distribution is unsymmetric, and this volume gives a critical and exhaus- 
tive discussion of this general case. The work was incomplete at the 
time of Fechner’s death, but it has been carefully edited and supple- 
mented by Lipps, who has furnished many of the proofs and illustrative 
discussions. 

In any collection of objects or statistical data Fechner distinguishes 
three representative values: the arithmetic mean, the median, and the 
most probable value; for a large number of objects governed by the 
symmetric law of probability these values coincide, but for the unsym- 
metric case the arithmetic mean and the most probable value may be 
widely separated while the median is always found between them. 
The median is that value which occupies the middle position in order of 
magnitude of the objects, while the most probable value is that which is 
common to the greatest number of objects and hence Fechner calls it der 
dichteste Wert. Between these three values he deduces a remarkable re- 
lation ; if A be the arithmetic mean, Cthe median, and Y the most prob- 
able value, it is shown that the ratio of C— Dto A — D lies between 
the limits 0.84535 and 0.78540, the former being the limit for infinite 
asymmetry where 2 =o or where a negative error cannot occur, and 
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the latter being the limit for perfect symmetric distribution where 
A= C=WD,; the close verification of the limit for the first case cannot, 
of course, be expected unless the number of objects is very large. 

It has been generally understood that the frequent use of the median as 
a representative value in statistics, and particularly in psycho-physiolog- 
ical measurements, has been due in great part to the influence of Fechner. 
This book does not, however, dwell upon the advantages of the median, 
but it is almost wholly confined to the representation of statistics by an 
unsymmetric probability curve of which the common symmetric one is a 
particular case. ‘The maximum ordinate of this curve corresponds with 
the most probable value in the series of measures ; this value is roughly 
found by inspection of the numerical results arranged in order of magni- 
tude and of the number of objects belonging to each, and then, by a 
somewhat complicated method of interpolation, a closer theoretic value is 
obtained. 

After having found this most probable value the individual measures 
are subtracted from it, and one probable error computed from the posi- 
tive residuals and another from the negative ones. From each of the 
probable errors, by means of the table of the symmetric probability 
function, the number of theoretic errors can be found for given limits 
both in the positive and the negative direction. ‘This is done for meas- 
urements of the circumferences of skulls, heights of soldiers, length of 
joints of stalks of rye, meteorological records, and sizes of picture frames, 
from whose discussion it is concluded that the unsymmetric curve better 
represents the law of variation than the symmetric one, and that the 
agreement of theory and fact is so close as to justify the assumption that 
the law is the true one. A theoretic investigation is also given by Lipps, 
which follows closely the lines of Hagen’s demonstration of the sym- 
metric law but takes positive and negative elementary errors as of unequal 
probability. Thus, using a somewhat arbitrary definition of the most 
probable value, ce~"1°" is found to give the probability of a positive 
deviation x while ce~*2*** gives the probability of a negative one, h, and 
h, being the measures of precision for the two sides of the curve and ¢ be- 
ing so determined that the area included between the curve and the 
x-axis shall be unity. 

The subject is presented in critical detail but with much repetition and 
with a notation that is often unusual and cumbersome ; instead of 483 
octavo pages one-half or one-third of this space should have been amply 
sufficient. ‘Two excellent tables of the probability function are given, 
with the values to five and the arguments to three decimal places. The 
volume may be said to fully sustain the thesis that the unsymmetric law 
of probability of error is applicable to statistics and measurements of 
natural phenomena. Unfortunately this law is expressed by two equations 
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instead of by one, and the determination of the most probable value from 
a series of results can only be made bya tentative process which is appar- 
ently unsatisfactory except for a very large number of measures. With 
regard to relative advantages of the different representative mean values 
the discussion leads to no new conclusion, but the relations deduced be- 
tween the arithmetic mean, the median, and the most probable value are 
novel and important, while the entire investigation may be characterized 
as the most valuable contribution to the mathematical theory of statistics 
that has appeared since the time of Quetelet. 
MANSFIELD MERRIMAN. 


Practical Electricity and Magnetism. By JoHN HENDERSON. Pp. 

xv-+ 388. London, Longmans, Green & Company. 1898. 

From the first page of the introduction to the set of tables with which 
this book closes, there is a gratifying sense of what is really essential for 
serious work in electricity. ‘The author’s recognition of what constitutes 
useful detail begins to manifest itself in the very first pages. We are 
told, for example, in the seventeen lines devoted to pointing out the ad- 
vantages of spider’s web for galvanometer suspensions, that such a web 
will in some instances support a weight of two grams without breaking ; 
that a spider line capable of carrying a mirror and magnet weighing o.2 
gram has a torsional rigidity 1/700 that of a single cocoon silk fiber ; 
that a fiber 23 inches long, loaded with a weight of one gram does not 
alter more than seven-tenths of one per cent. in length for a rise of over 
50° C.; and that the change of length from dry air to moist is two per 
cent. Silk and quartz fibers, and the metallic suspension wires of 
D’ Arsonval galvanometers get equally brief and definite treatment. The 
suggestions that thick wires should not be employed in making connec- 
tion to the galvanometer on account of the mechanical vibrations trans- 
mitted to the instrument ; also that the leading wires should not be coiled 
into spirals on account of the electro-magnetic effect on the needle (p. 
9), are typical of this attention to detail which gives the volume its chief 
value. 

There are many useful little tables containing information not easily 
obtainable elsewhere ; as, for example that on page 17, which gives the 
size of wires suitable for the construction of the various coils of a man- 
ganin resistance frame. 

The volume is divided into seven chapters which deal respectively 
with the measurement of resistance ; current ; electromotive force ; capacity ; 
terrestrial magnetism and the magnetism of tron and steel, and self induc- 
tion. ‘The final chapter on electro-magnetic waves may be regarded as a 
sort of appendix. A number of interesting matters are here presented in 
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attractive form, but the chapter does not possess the direct, definite and 
quantitative character of those which precede it. 

In a book devoted to the topics indicated above, the galvanometer is, 
from the very nature of the case, of prime importance, and this instru- 
ment receives very thorough and satisfactory treatment at the hands of 
the author. In addition to the details of adjustment and care of such 
apparatus in the opening chapter, we find one point after another con- 
cerning the galvanometer coming to the surface. Thus on page 19 there 
is a very good and explicit description of the calibration of a sensitive 
galvanometer. On page 87 the method of measuring the resistance of 
such a galvanometer is given in considerable detail. The first twenty 
pages of Chapter II are devoted to a description and discussion of va- 
rious types of standard galvanometers and electro-dynamometers. The 
ballistic galvanometer comes in for treatment in the opening pages of 
the chapter on electrical quantity. The paragraphs devoted to this in- 
strument are by far the best with which we have any acquaintance. 

So important a part does the galvanometer play, indeed, that the vol- 
ume might very appropriately have been entitled: Zhe Galvanometer 
and its Accessories. Of such accessories standards of resistance are 
among the most important, and these get excellent treatment. One 
is rather surprised to find on page too data of an experiment on the 
change in the influence of temperature on specific resistance, in which 
measurements upon copper showed a continually increasing coefficient, 
rising from 0.00382 between 10 and 20 degrees to 0.004000 between 80 
and go degrees. We have so many trusty data pointing to an almost 
constant coefficient of copper over a much greater temperature range 
than this, that the above result is to be regarded as an unusual one; in 
this respect it is perhaps unfortunate to have introduced it as an illustra- 
tion, since it is likely to mislead the student with reference to the usual 
behavior of this metal. . 

The description of resistance standards includes the new patterns 
adopted by the Reichsanstalt at Charlottenburg as well as the familiar 
British coils. In the chapter on electromotive force considerable space 
is properly given to the discussion of standard cells; the directions for 
setting up Clark cells are sufficiently minute and exact to enable an in- 
telligent student to manufacture them for himself, and the description of 
various types includes Carhart’s form and likewise the cadmium cell of 
Weston. Recent work done by Jaeger and Wachsmuth upon the last- 
named form is very compactly summarized on pages 183 and 184. 

Enough has been said to indicate the eminently practical and useful 
character of Mr. Henderson’s manual. It is only necessary to add that 
after each topic a list of the more important sources of original informa- 
tion is in every case given. In this way, as well as by the use of foot- 
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notes, covering references to nearly every important point, the student is 
encouraged to go to the memoirs themselves for further information. The 
volume is, on the whole, very well illustrated, and, although instrument 
makers’ catalogues have perhaps been too freely drawn upon for cuts of 
apparatus, there are a large number of diagrams and illustrations which 
are new. The book well deserves its title. 

E. L. NICHOLS. 


La Teorta det Raggi Roentgen. By Fitirro Re. 8vo, pp. 64. 

Palermo, A. Reber. 1808. 

Unlike most of the books that have appeared on the subject of X-rays 
the work of Professor Re devotes very little space to a description of 
phenomena. For the experimental side of the subject reference is made 
to original papers and to the descriptive works of Majorana' and Guil- 
laume.’ As indicated by its title the book is chiefly devoted to a con- 
sideration of the theory, or rather the theories, of the new radiation. The 
author evidently intends to make a specialty of the subject, and in the 
preface requests those who are working in this field to send him an ac- 
count of their work.°* 

The book is divided into eight chapters. With the exception of two, 
which deal respectively with ‘‘ Electro-dispersion’’ and with the new 
radiations of Becquerel and Le Bon, each chapter contains a critical dis- 
cussion of some one of the theories that have been advanced regarding 
the nature of the X-rays. 

The hypothesis of longitudinal waves, advanced by Roentgen in his 
original paper, is naturally discussed first. When critically considered 
the experimental basis of this hypothesis is found to consist of one fact 
only, namely the absence of polarization. Without some further as- 
sumption regarding the waves, for example extreme shortness, the ab- 
sence of refraction and regular reflection is left unexplained. As the 
author says ‘‘it is worthy of remark that the hypothesis advanced by 
the discoverer is precisely the one that has obtained the smallest num- 
ber of adherents.’’ 

The next hypothesis considered is that of ‘‘ molecular flow ;’’ 7. ¢., the 
X-rays are assumed to consist of material particles moving at an extremely 
high velocity, and so small that they are able to penetrate solid bodies. 
This hypothesis is suggested by the resemblance between the X-rays and 
Lenard’s kathode rays, and Professor Re discusses it from this point of 
view. The absence of polarization, refraction, and regular reflection, 
and the dependence of penetrating power upon density, are satisfactorily 

1La scarica elletrica attraverso i gas ed i raggi Roentgen. Rome, 1897. 
“ Les rayons X et la photographie a travers les corps opaques__ Paris, 1897. 
3 Professor Re’s address is Licata, Italy. 
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explained by the assumption of rapidly moving particles. But if these 
particles are the same as those which constitute the kathode rays, it is 
difficult to see why the X-rays should show no deflection in a magnetic 
field. The possibility that the X-rays may consist of kathode ray parti- 
cles that have lost their electrical charges is barely mentioned by Professor 
Re. Quite recently, however, this view has received considerable 
attention.’ 

The third chapter is devoted to the theory of extremely short trans- 
verse waves, or ‘‘hyper-ultraviolet’’ rays. It is shown by reference to 
the various theories of dispersion that waves whose period is small com- 
pared with the natural period of the molecule would behave like the 
X-rays. Such rays, however, should show diffraction phenomena. ‘The 
numerous unsuccessful attempts to observe such phenomena are briefly de- 
scribed. In spite of the failure of these experiments it can hardly be 
said that the hypothesis of short waves is definitely disproved, for it is 
clear that the necessary experimental conditions for observing diffraction 
with such waves are extremely difficult to fulfil. 

Chapter IV., on Electro-dispersion produced by X-rays, can hardly be 
looked upon as satisfactory, since it gives very little notion of the recent 
work on this subject. The same may be said regarding Chapter V., on 
the diffusion of X-rays, and Chapter VI., on Becquerel’s Rays and the 
‘* Black light’’ of Le Bon. In both cases the treatment is too brief to 
be of much assistance. 

In Chapter VIII. the author advances his own theory regarding the 
nature of X-rays. He assumes that the rays consist of transverse ether 
waves, but that these, instead of being extremely short, are extremely long. 
Such waves would resemble Hertz waves with a wave-length practically 
infinite in comparison with the dimensions of the molecule. Professor 
Re shows that such rays would possess properties similar to those that are 
observed in the case of the X-rays. He calls attention to the fact that 
the hypothesis of long waves differs only slightly from the view advanced 
by Stokes, who looked upon the X-rays as a succession of sudden im- 
pulses or single waves, these being devoid of periodic character and 
therefore showing none of the phenomena that result from interference 
and resonance. Professor Re claims as an advantage of his own hypoth- 
esis the possibility of having waves of different lengths, which may cor- 
respond to X-rays of different penetrating power. It is clear, however, 
that by assuming impulses that differ in suddenness the Stokes theory 
can be made to account for different kinds of rays with equal readiness. 

Although Professor Re’s book does not discuss all the explanations that 
have been advanced, it very forcibly brings home to the reader the real 


1 See for example B. Walter, Wiedemann’s Annalen, 66, p. 74, Oct., 1898. 
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difficulty in X-ray theory: viz., the multiplicity of plausible hypotheses. 
The phenomena can be explained by three or four different theories ; 
each of these when considered alone seems satisfactory and plausible ; 
but they are mutually inconsistent, and depend upon hypotheses that are 
diametrically opposed. The crucial experiment which shall decide 
among these theories has not yet been found. 

ERNEST MERRITT. 


Shop and Road Testing of Dynamos and Motors. By EvuGeEne C. 
PARHAM and JOHN C. SHEDD. New York, The W, J. Johnston Com- 
pany. 1808. 

This book is a practical treatise on the testing of direct current 
dynamos and motors, intended for the student who has had the theo- 
retical side of the subject, but is unacquainted with shop details, and also 
for the practical man, who, to a large degree, is self-taught as to the 
theory of the machines he handles. 

The work is divided into three parts, the first dealing with the funda- 
mental elements of the dynamo and motor, the second with the testing 
and use of instruments, and the third with the tests of dynamos and mo- 
tors in detail. 

While the first two parts are important, and worthy of most careful 
study, the last part contains the cream of the whole subject, viz.: the 
practical testing of dynamos and motors, treated in a very simple and 
practical way. 

The first chapter in Part III takes up the series machine, going into 
details in regard to testing for troubles, operation under different condi- 
tions, etc., and in addition gives an admirable treatment of the Thomson- 
Houston, Brush, and Westinghouse arc dynamos, with numerous dia- 
grams. 

Chapters IX., X., XI. and XII. treat of all kinds of tests with shunt 
and compound dynamos, such as parallel and series running methods of 
compounding, efficiency tests, etc.; Chapter XIII. deals with grounds on 
the line, methods of detecting and locating grounds, measurement of leak- 
age, etc.; and Chapter XIV. discusses motor testing, efficiency tests by 
means of ‘‘stray power’’ and prony brake, etc. 

The different methods are discussed in a very clear, practical way, 
higher mathematics not being used at all. 

For those who have to deal with the practical testing of direct current 
dynamos and motors, this book has a practical value which few books 


possess, and will prove a great service. 
A. F. McKissIck. 
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